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TOT  H  E 


Any  of  the  following  Mifcellaniom  Tr aB at es  lying 
obfcnrely  and  indigefted  by  me  feveral  Years,  at 
'length  ,  namely^  Anno  1678.  having  fome  vacant 
time,  I  (amongft  other  things)  took  thofe  Papers  into  my  con- 
fideration  ,  and  perfected  fuch  of  them  as  were  incomplete ; 
adding. to  that  Store  other  things  of  the  like  nature:  After 
which  ,  communicating  the  fame  to  feveral  perfons  Mathe¬ 
matically  alfefied  ,  and  more  particularly  with  this  (lauda¬ 
ble  and  ufeful)  Part  thereof ,  namely ,  DIALLING:  I 
was  often-times  importuned  to  make  the  fame  Publick  ;  the 
which  I  was  the  more  inclinable  to,  for  that  not  much  of 
this  Fjr/Vtj  hath  been  hitherto  Publifhed  in  the  Englifli 
Tongue.  But  finding  the  Overtures  of  fuch  who  deal  in  the 
Publifliing  of  Books  ,  to  be  in  no  meafure  fufficient ,  either 
to  fatisfie  me  for'the  pains  I  had  then  taken  therein,  much 
lefs  to  bring  it  forth  in  its  due  Luftre;  I  (at  length)  adventu¬ 
red  to  makeaiiEfiay  towards  the  PublilHing  thereof  by  w^ay 
of  Subfcription ,  but  finding  that  not  to  anfwer  my  expedati- 
on  neither  f  there  having  been  of  late  fo  many  abufes  put  upon 
Perfons,  willing  to  promote  ingenious  undertakings)  I  fully 
refolved  to  let  it  lie  dormant,  as  ("the  more  part  of)  it  had 
done  feveral  years  before.  But  at  length,  ("partly  by  Sub- 
fcriptions ,  and  a  particular  Encourager)  it  is  arrived  to  this 
pcrfediofij  arid  an  Extradofthe  Particulars  herein  contain¬ 
ed,  you  (hall  find  immediatly  after  this  Preface. 

And  now  give  me  leave  to  prevent  the  Calumnies  of  fome 
(already )  Detraders ,  and  to  take  off  the  afperfion  of  a  Plagia¬ 
ry,  to  acquaint  thee  from  wheilce  all  that  is  herein  contained 
had  its  iilue.  Therefore. 

I .  The  Introduction^  and  the  Eight  firft  Chapters  of  the  firft 
Tractate  ,  as  things  common,  (but  necelfary  for  all  Tyro\  to 
be  acquainted  with)  I  pafs  over,  only  take  notice,  that  the 
Second,  Fourth  and  Filth  Chapters  thereof^  which  concerns 

A  '  the 
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the  dovon^  finding  the  Poles  and  Centers ,  and  meafuring  thd 
Sides  and  Angles  of  Spherical  Triangles  upon  a  ProjeSion;  I 
know  not  where  you  will  find  any  thing  thereof,  except  in 
niy  Geometrical  Exercifes  ,  the  which  Precepts  there  delivered 
1  have  here  (and  in  a  brief  manner  too)  applied  to  Dialling. 

For  the  remaining  part  of  thefirftTradlate,  the  Exam¬ 
ples  are  all  (or  moft  of  them)  the  fame  are  Mr.  ^Vells  in  his 
Sciographia^  which  I  made  choice  of  (indeed)  to  eafe  my  felf 
of  Calculation;  My  intent  fat  firft)  being  to  have  done  the 
Work  of  the  Firft  Tractate  by  Proje&ion  only,  and  not  by 
Calculation :  But  Mr.  W^ells  his  Book  being  out  of  Print ,  and 
not  likely  to  be  reftored,  I  inferted  his  Calculatory  way  alfo; 
and  the  rather,  that  the  young  Praftitioner  may  difcover 
what  Harmony  there  is  between  Spherical  ProjeSlion^  and 
Trigonometrical  Calculation ,  and  the  reafon  thereof  alfd. 

The  Second  Tradatewas,  partly  a  Tranflation  out  of 
Magnon^  by  Mr.  Thomas  Gibfon:  And  the  Third  is  partly 
Mr.  Samuel  FoJlePs.  , 

.4.  As  for  the  Fourth  Tradate;  it  is  an  enlargement  of  the 
Appendix  to  Stirrup's  Dialling ,  written  by  me  above  a  5  years 
fince,  and  yet,  in  it,  you  will  find  feveral  things,  which 
1  am  fure,  no  other  Book  will  afford  you. 

•  5  •  The  Fifth  Tradate  is'of  the  fame  kind  with  the  Fourth, 
and^  teacheth  how  to  peiform  the  fame  things  by  a  different 
Artifice.  • 

6.  The  Sixth  confifteth  of  Tables  fubfervient  to  the  infcrip- 
tion  of  Furniture  into  Sun-dials  fome  feww’hereof  were  only 
tranfcribed  (though  much  enlarged ,  and  otherwife  difpofed) 
out  of  Kirkerws*^  but  the  moft  of  them,  were  fto  my  great 
j^ains)  Calculated  de  wtjo  ,  and  the  Defcription ,  ConjiruSiion 
and  Vfes  of  them  all,  wholly  by  me  added 

7.  The  Seventh  Tradate  came  to  my  hands  in  a  Latine 
Manufcript  of  Mr.  Samuel  Fofiers ,  written  with  his  own  hand 
in  Anno  1640.  and  was  delivered  to  me  ^when  the  other 
Tradates  werealmoft  Printed)  by  a  real  honourer  of  thede- 
ceafed  Authoi ,  and  my  very  worthy  Friend  John  Twifideri. 

8.  The  Eighth  Tradate  is  no  other  then  the  Meridians  of 
a  Globe^  fettoany  Latitude  and  difference  of  Longitude,  and 
Meridians  or  Hour-lines  drawn  on  the  Concave  Superficies  of 
the  (ame*^ 

-^9*  The  Ninth  Tradate  is  wholly  IsM.SamuelFofler  s  and 

fome 
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fome  part  thereof  was  Printed  by  me  in  his  Mifcellanies^  Anm 
1659. 

r  10. '-The  Tenth  Tradlatealfo,  iswholly  his^  and  was  (to¬ 
gether  with  fome  part  of  the  Ninth)  tranfcribed  from  a-Ma- 
nufcript  of  his  ^  which  he  f  for  tlie  excellency  of  many  things 
contained  therein)  Entituled  GOLD,  And  for  thofe  Pieces 
which  follow  (^as  Supplement  to)  this  Tenth  Tradate,  1  need 
not  declare,  their  refpedive  Titles  will  here  fave  me  that 
Labour. 

1 1.  The  Eleventh  Tradate  of  RefraSed  Dialling,^  is  Mr. 
Fofters  alfo,  and  was  formerly  Printed  in  his  forementioned 
Mifidlanies. 

Ladly)  What  is  faid  concerning  the  Dial  fet  up  in  the 
King’s  Majeftie’s  Privy  Garden  at  White-hall,^  Anno  1669.  is 
but  aiiExtradof  what  the  Maker  thereof  did  write  concer¬ 
ning  the  Explication  and  Ufe  of  the  faid  Body  of  Dials :  I  did 
here  (together  with  the  Figure  thereof)  infert  this  Abftrail 
for  the  benefit  of  Students  in  this  Gnomonical  Science ;  thereby 
to  whet  their  inventions ,  fo  as  to  put  in  pradice  what  is 
taught  in  thefe  Tradates,  and  from  this  Prefident  to-invent 
others  of  their  own ;  which  how  to  perform  the  enfuing  Pre¬ 
cepts  will  not  be  found  deficient ;  If  they  be  deemed  Redun 
dant  they  will  be  found  fo  to  Talkers  only,  and  Doers  of- 
thing ,  and  to  fuch  I  fay  as  much. 

What  is  more  added  in  this  Edition,  ('befides  the  Errors  in 
the  former  Correded)  Are, 

Firft,  A  Supplement  to  the  Firft  Tra&ate,^  (hewing  a  gene¬ 
ral  and  eafie  way,  to  frojeSl  Hour-lines  upon  all  forts  of  Plains,^ 
according  to  the  Rules  of  Stereograpf^ick  Projeffion, 

Secondly,  To  the  fecond  TraSateis  added  a  third  way  of 
Geometrical  Dialling,^  (hewing  how  to  inferibe  the  Stile,^  Sub' 
ftile,^  znA  MeridianAine,^  'mzViPlains, 

Thirdly,  To  the  Ninth  TraSate,^  1  have  added  feveral 
ways,  whereby  to  make  D/W/rupon  Plains,^  upon  which  the 
dired  Beams  of  the  Sun  can  never  (hine  ( without  RejleSiion) 
which  (hall  (hew  the  Hour  of  the  Day  by  the  Sun,^  and  by  the 
Stars  in  the  Night  Seafon. 

Fourthly,  The  Fourteenth  TraSIah.  is  wholly  added  and 
treatethof  the  Five  Platonick  (^or  Regular)  Bodies  (hewing  the  - 
manner  how  they  Cut  them  in  Stone  or  ITborf,  as  alfo  of  two. 
Polyhedron  Bodies  j  one  called  the  Hex-o&ahedron^  (or  Canted  Cube)  • 
the  other  Hez-icofahedron ;  the  one  confifting  of  Pourteen^  the 

A  3  ,  other 
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other  o{ Twenty  Jiix  Plains:  And  how  to  fufivifli  them;  in  the 

Sun  Diails.  .  ^  ‘  ^ 

Having  given  you  this  general^count  Several  Tra- 

ftates,  and  from  whence  they  have  beeA  ^kduc^d^  - 1- now 're¬ 
fer  you  for  farther  fatisfadion ,  to  t\ie  foWowingtontenfs  ^  but 
principally  to  the  Book  it  felf;  in  which,  I  hope,  the  itigeni^ 
ous  Praftitioner  will  find  variety  of  Matret,  both  P'rd&icat knd 
Delightful ;  And  for  as  much,  as  the  feyeral  MathematicakTrea- 
tifes  which  I  have  already  Publifhed,  have  found  fo  good  accep¬ 
tance  in  the  World,  I  doubt  not 'but  ITte  will  reedve  the  iike 
entertainment,  and  be  as  kindly  received  as  Fellows 
vupomthat  account  I  commend  it  to  thee;  Wifhing  thee  both 
Delight  in  the  Readings  and  Profit  in  the  of  what  is 

herein  contained :  And  fo ,  for  this  time  ,  I  bid  thee  Farewel ; 
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'  '  A  Neceffafy  Introdudiori. 


Herein  are  contained  diver sGtomttncdX  and  Agronomical  Definitions 
i!t;^^ProblemSj/br/^e  more  eape  apprehending^and  ready  performing,  of 
the  fever  al  PropofitionS',  and  other  things  to  be  performed  in  thefoU 
Tra8:ates,  pag.  i  f o  pag.  1 3 

TRACT  AT  EX 


Plain  Dialling,  Demonftrated. 

Shewing,  How  (by  Proje8:ing  of  the  Sphere  upon  the  Plain,  0/  the  Horizon,  fui- 
table  to  Latitude)  to  draw  the  Hour-lines,  Stile  and  Subftile,  proper  to  4- 

ny  Plainj  in  their  true  Places  and  Pofitions. - And  upon  the  Pibjedlion 

to  exprefs  the  Spherical  Triangles,  from  which  all  the  Ktc[\i\^\tQS  belonging  to 
any  \y\?i\  are  tobe  Calculated,  And  how  to  Calculate  the  fame — And  to 
meafure  the  Stiles  and  Angles  of  all  fuch  Triangles  upon  the  Projedion  it  felf, 

from  A,  to  Of 

In  this  Tractate  are  more  particularly  Contained, 

1.  The  nature  and  making  of  fuch  Circular  lines  ( or  Scales,  as  are  ofVfe  through^ 

out  the  whole  Book,  Chap,ipag,it^ 

2.  Hbiv  Projeft  Sphere,  Chap.2.pag,i6 

3.  Qf  the  Denominations  and  Situations  of  all  forts  of  Plains ;  and  how  to  def- 

cribe  any  of  them  upon  the  Proje6lion,  Chap,  ^  dr  ^•pAg.  1 9  d"  2 1 

4.  How  the%\^QS  and  Angles  of  Spherical  Triangles  to  be  meajured, 

Chapq.pag.2'^ 

5.  T/j5)2^^//'<?'Suns  Azimuth,  at  any  time,  and  in  Latitude:  Geome¬ 

trically,  Inftrumentally,  and  by  Trigonometrical  Calculation,  Chap,6pag.2.'\. 

6.  To  fndtheSitQ  (or  Situation)  of  any  Dial  Plain  in  refpecl  ^?/Declination,Re~. 

cIination,or^o^/;,  -  Chapqpag.2’j 

7.  Examples  of  all  firts  of  Bhlns',  and  how  to  draw  Dials  upon  them,  both  by  Pro¬ 
jection,  4;?^  Trigonometrical  Calculation.  •  from  Chap.g.pagq2, 

to  Chap, igpagq 2 

A  Supplement  to  the  Firft  Traftate* 

Shewing,  a  general  and  eafieway,  to  ProjeCt  Hour-lines  upon  all  forts  (^/Plains; 
according  to  the  Rules  of  Stereographick  (or  Circular j  Projedion, 

from'pag,^!^,  to pag,-^i 

A  Synopfis,  or  Ahih'^S^  of  the  whole  Art  of  Dialling,  from  pag,S2,to  p^g»^^ 


TraBate  II. 
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TR  ACT  AT  E  II. 

Geometrical  Dialling,  Demonftrated. 

!^h!’Av'w^  Three  fever  aI  rvays^  to  find  the  true  piace  of  the  Stile,  Svh^Atand  Me¬ 
ridian  *  And  Alfo^  to  dr  AW  the  Hour-lines  upon  aU  Dial  Plains,  in  their  due  P/4- 
And  Pofitions,  from  p^gM,  topAg.gS 

TR  ACT  AT  E  III. 

Inftrumental  and  Arithmetical  Dialling. 

shewing^  Firfi^  How  {by  An  eAfie  Artifice,  And  the  Scales  of  NAturAl  Sines  And 
Tangents  in  Any  Latitude)  Hour-lines  be  defcnbed  upon  aII forts  of  V\d\ns\ 

By  referring  aH  Declining  Reclining  Plains,  to  New  Latitudes  and  New 
Declinations,  where  they  fjAll  JlAnd  as  Upright  Decliners  And  Second-- 
ly^  Hoivthe  fame  Artifice  performed  by  Trigonometrical  Calculation, 
by  the  Tables  of  Jrtifeial  Sines  and  Tangents^  there  being  apt  Canons,  Ana¬ 
logies  or  Proportions  laid  down for  thofe purpofes^  from pag .99,  to pag.  110 


T RACT AT E  IV.  V.  and  VI. 

Of  the  Furniture  of  Suri  Dials* 

The  Furniture  with  which  Sun  Dials  may  be  beautifed^are  the  deferihing  upon  them^ 
fuch  Circles  of  the  Sphere,  as  have  relation  to  the  Sun’s  Courle.  For,  as 
HoUr-liiies  may  be  drawn  upon  all  Dial  Plains :  fo  msy  all  other  Circles  oj  the 
Sphere,  be  defer ibed  alfo  :  and  fuch  Circles  being  dejeribed  upon  Dial  Plains, 
many  ufeful  Afironomical  Conclufions  may  be  performed  by  ocular  infpeAion  opiy, 
as  well  its  the  Hour  of  the  And  the  Principal,  and  moH  ujeful  of  theje 

Circles  are  (i)  Such  as  pew  the  time  of  the  Year,  and  thofe  are  either  the 

Parallels  of  the  Signs  of  the  Zodiac,  or  of  the  Suns  Declination - (2) 

Such  AS  Jhew  the  Sun’s  Rifing  and  Setting,  as  the  Horizoh  of  the  Place - - 

(^)  The  Azimuth  of  the  Sun,  or  the  Point  of  the  Mariner’s  Com  the 

Sun  ts  at  any  time,  reprefented  by  the  Vext\C2i\.  Circles^ - (a)  The  Sun's  Al¬ 

titude  whereby  the  Proportion  that  Upright  Bodies  have  to  the  length  of  thetr 
Shadows  are  known :  And  thefe  by  the  Almicanters,  or  Circles  of  the  Sun’s 

Altitude - (5)  The  Worn'  according  to  Accounts  of  other  Countries, 

as  the  Babylonifh,  Italian4;z^Jewifh  Hours — (6)  The  Signs  of  the  Zodiac, 
“  which  of  them  is  at  any  tirne  Rifing,  Culminate  or  Setting - (7)  The  Cir¬ 

cles  oj  Pofition  (or  Domitying  Circles)  dijeovering  in  which  of  the  Celeftial 
Hoiifes  above  the  Horizon,  the  Sun  is  at  any  time^of  the  Day — (8)  The  Ho¬ 
rizons  and  Meridians  oj  Foreign  CouintnQs^Jhewing  any  time  of  our  Day,  nFat 
.  Houi  it  ii  At  thofe  other  Places  fo  defcribed,^c.  Now  the  manner  how  thefe 
Circles  are  to  be  dejeribed  upon  any  Dial-plain  is  the  W^ork  of  thefe  threeTvd.f\~ 
ates.  And' 

cFourth^teacheth  how  to  C Geometrically 

^hem  into  <InJlrumentally>  from  Pa^.  111  to  paf,  i<2 
CSixth  ^  all  Jorts  of  Plains  C  Arithmetically  j 


A  Supplement  to  the  IV.  and  Yth.TraUates. 

tWW  the  Form  of  the  Parallels,  oni  other  Circles  of  the  Sphere  Am 
Frojeged  at  o/Declination,  Altitude,  &c.  Whether  Jfreieht  Lmes,  C  ir.  les, 
Parabolas,  Hyperboles,  or  Ellipfcs  ■  56 
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The  Tables  for  the  inferring  of  tiit  TaraUels  &c,  into  Dials^ 
in  the  VI  Tra^ate  are^ 

1.  ^  T2ih\Q  jhervmg  rvhat  T>Qc\in^tion  the  Sun  have  he  being  in  any  degree. of 

Ecliptick ;  with  its  and  frorn pagA^topag,^ 

2.  J  Table  (hewing  the  length  of  the  Artificial  Day  or  Night,  the  Sun  being  in 

any  degree  of  the  Ecliptick,  in  any  degree  of  Latitude,  between  44  and  57, 
with  its  Conftruftion  and  Ufe,  from  fag.  5,  to  fag,% 

^  Table  (hewing  what  Amplitude  Sun  (hall  have  at  Riling  (?r  Setting, 

from  the  true  Eaft  or  Weft  Points  of  the  Yionzo'a^  towards  the  North  or  South, 
at  every  whole  degree  of  Declination,  and  for  all  Elevations  of  the  from 
the  ^quino8;ial  to  60  degrees  of  Latitude  North  or  South,  with  its  Con- 
ftruflion  and  Ufe,  from  fag,<^^  to  fag,  1 2 

4.  AHdb\Q(hewingwhatT>tcX\m.tionthe  Sm(hallhave.^  when  the  Sun  Riles 
Sets  uf  on  any  even  Point  or  half  Point  the  Compafs,  in  Latitude, 

the  Aiquinoctial,  to  60  deg.  with  its  Defeription,  Conftrudion  and  Ufe, 

5.  A  Table  (hewing  what  Declination  the  Sun  (hall  have.,  when  the  T>2iy  is  any 

(?/ Whole  Hours  long,  Latitude,  with  its  Defeription,  Con- 
ft  ruction  4  W  Ufe,  />4^.ij6,i7,i8 

6.  A  Table  of  Horizontal  Spaces,  (hewing  the  dijlance  of  each  Hour-line 

the  Meridian,  ufon  all  Horizontal  Vertical  Plains,  as  alfo  on  Direft  Re¬ 
clining,  and  Inclining,  for  /?//.  Latitudes /row  the  .iE.quino£tial  to  thePole  : 

Defeription,  Conftru6tion  Ufe,  9,20,21 

7..  A  Table  (hewing  what  Altitude  the  Sun  (hall  have,  at  every  Hour,  Half  and 
Quarter  of  thelD^iy,  at  his  entrance  into  every  of  the  XII  Signs ;  Calculated 
for  the  Meridian  0/ London,  51  deg.  52  min.  with  its  Defeription,  Con- 
ftruHion  Ufe,  ^4^.22,2^,24,25 

8.  A  Table  (hewing  what  Azimuth  from  the  South,  the  Sun  (hall  have  at.  every 

Hour,  Half  and  Quarter,  of  the  Day,  at  his  entrance  into  every  of  theje 
XII  Signs,  Calculated  for  the  Meridian  of  London,^  i  deg.  3  2  m’n,  with 
its  Conftruftion,  Defeription  and  Ufe,  P45»26,27 

9.  A  Table  (/  the  Suns  Altitude  at  ^// Hours  ^ffhe  Suns  entrance 

into  any  of  the  XII  Signs  at  every  i  oth  deg.  of  Azimuth  for  fever  al  Latitudes, 

from  fag, 2^,  to  fag,:^  i 

10.  A  Table  (hewing  what  Altitude  the  Sun  (hall  have  at  every  Hour  of  the  Day, 

when  he  is  in  the  Tropick  of  Cancer,  the  Ai.quino£tial  and  Trofickof  Capri¬ 
corn,  Calculated  from to  66  \  Atg,  of ’L2iX.it\xAQ,  2,3  3,34,3  5 

i\  A  Table  of  Natural  Sines,  Tangents  and  Secants,  to  a  Radius  of  1,00000, 
and  to  every  6^^  Minute,  (or  loth  fart  of  a  Degree,)  of  the  Quadrant, 

fromfag'^6tofag,aft 

TRACT  ATE  Yl\. 

I 

A  Succincl,  and' Demonjlrative  way  Diallings  (hewing  how  to  deferibe  Hour- 

lines  0/  Plains:  Andalfo  for  the lafciiption  [of  other  Sciaterical 

Furniture Sun  Dials,  &:c.  fromfag.^j^,tofag,i^b 

TRACT’ATE  Vm. 

Of  Concave  and  Convex,  Spherical  and  Cylindrical  Dialling :  Shewing  how 
Hour-lines  may  be  deferibed  ufon  any  Regular  Solids,  whether  Concave  or 
Convex,  with  their  rejfeffive  F  urnitures,  from  fag,  5  7,  to  fag  .64 

f  R  A  C* 


The  C  O  N.T  E  N  T,'S. 

T  R  ACT  AT  E  IX.  and  X. 

Projeftive  Dialling.  : 

to  Frojefl:  Hour-lines 

many;  Contiguous 
„t:on<,  mrefpeci  either 

Dwlinaucn,  Reclination  Inclination- - arjdaljo  (hy  the  help  of  a 

•Planifolieve  Semicircle,  theme/  dejenkd)  Hmv  to jnfert  aU  ufaat  Fuini- 
^  Pm,eaed  Dials ,  />'««  5  2° 


ture  ixto fitch  Projeaed  Dials , 

T  R  ACE  AT  E  ^\.  andYAl. 


Refleftive  Dialling. 

I  Shemtt/e  fever/ll  mjs  (hy  Plain  Glalfes;  Imv  to  Reflect  the  Sun  Beams,  mdto 
*  Hour-lines other  Furniture /or  Dials/fo/^  fuch  Plains, 

the  dire^bt^msof  the  Sun  can  never  fijme.  The  GMs^  cafiing  theKe^tatioUj 
beins  placed  eitherV2iXA\ lei  orOblique  to  themnzm :  And  without  anf  regard  has 
theiitmtion  oftheObjcCtupon  which  theKe^tdaon  is  made^u  Q.whetheri  tbemm 
or  Curved  One  or  More, Contiguous  or  Separate,  frompag.j22tppag.iA,2 
II.  How  the  work  of  the  XI  TraHate  may  be  perf orined  hy  a?i  eafielu^rumtutpttea 
\vtth  Lines /o  that  purpofe;  without  any  regard  had  to  the  Axis  0/ the- World, 
W^^^rProjeaedorRefleaed,  frompag.ijHoJ^g-^‘)\ 

III  How  the  fame  work  is  to  be  performed  both  Geometrically,  and  by  Trigono¬ 
metrical  Calculation,  ■  fr0mpag.i>^2topag.i‘yj 

TR  ACT  AT  E  XIII. 


Refleftive  Dialling.- 

Shewing.^  ^of/»  Inftrumentally,  W  Projeaively,  How  to  make  bun  jyvsXs  {and 
to  infert  all  ufual  Furniture  into  them)  in  the  infide  of  any  Concave  VefTei, 
either  Reglilar  or  Irregular :  Which  Dials,  fijailjhew  the  true  Hour  of  the  Day^ 
See.  when  the  V  elTel  jhall  be  quite  filed  with  W  ater :  or,  ivhen  it  [ball  be  part¬ 
ly  full  and  partly  Empty,  frompag,  i  ^  8  ^o  pag,  170 

tract  A  T  E  XIV. 

Oithe  V'vvtPlatonick^  znd  other  Regular  Bodies. 

The  manner  how  to  Cut  them  in  btouQ  or  Wood,  and  tofurnifJj  them  with  Sun 
Dials,  from pag  lyitopag.i^^ 

ASUPPLEMENT. 

Containing  a  brief  Figure,  0/^  Pyramidical  Dial ;  which  was  ereSted 

in  the  Kings  Majefiies  Privy-Garden  at  White-Hall,  Anno  1 669.  fromp.  1 3 1 ,  ro  p.  1 85 


ADVERTISEMENT. 

Two  Booh  of  this  Authors  now  ready  for  the  Prefs ;  Vi:c. 

I.  XAn  u  A  M  athematIca:'  The  Gate  into  the  Mathematical  Sciences  opened :  And 
J  the  M^ay  made  Plain  to  the  Demonfirative  attaining  of  them.  Wherein, the 
DoPlrine  o{  the  Uimenfwnot Triangles,  Plain  znd  Spherical,  is  fudcindly  handled,  Geo- 
metrically  Demonfrated',  And  Arithmetically,  Geometrically  and  Inflr  ament  ally  Perfor¬ 
med,  &:c. 

II.  Ancilla  Cosmographi/e:  A^Hand-APaldio  Geography,  AJlronomy,  and 
cyher  Mathematical  Sciences,  Illuftratedi  in  the  Ufes  of  the  Ten  efirial  and  CAefiial 
Globes',  And,  upon  them,  to  perform  fuch  Problems  la  Geography  and  Navigation,  as 
have  relation  to  the  Earth  and  Sea :  And- in  AJlronomie,  as  concern  the  Alotions  of  the 
5/rrt  and  Fixed  Stars.  In  the  performance  of  which  ;  the  Spherical  T dangle  made  upon 
the  Globe  (relating  to  every  Problem)  h  delineated',  and  tlie  Canon  aiiiiexcd,  for  the 
CalchUsionoi  the  rarntTrigonornetrically. 


£  0  0  K  S  of  this  cyi  U  T  H  0  R  Extant  in 

Rrint,  are, 


HIS  ARITH MET ICK^  in  Four  Parts, 
viz.  Edgar ^  Decimal^  Inflrnmental  and 
jilgebraical.  ^vo. 

The  life  of  the  Line  of  Proportion^  made  Ea- 
fy,  and  by  it  to  meafure  Timber^  St  one  ^  Boards 
Clafsx  Pavement^  HangingsfVainfcote^  &C.  l  lo. 

UhCOMPLEAT  SVREETOR: 
Teaching  the  Whole  Art  of  Surveying  ofLand^ 
by  the  Plain  T able^  Theodolite^  Circumferentor^ 
and  other  In  fir  aments.  In  Five  Books.  Folio. 
His  Arithmetical  Recreations,  i  2o 
His  Geometrical  EXERCISES  for 
young  Sea-men.  ^.to 

His  Geometrical  Dialling.  4^0. 

His  Platform  for  Purchafers^  Guide  for 
Bdlders.,  and  Mate  for  Meafarers.  ^to. 

His  P  A  NO  RG  ANO  N:  Being  the 
Defcription  of  a  Vniverfal  Quadrant.^  and  the 
Dfes  of  it  in  Geometry AJlronomyi^Dialling^  &c. 
^0. 

His  life  of  the  GLOB  E,S  in  Afironomy^ 
and  Geography.  Svo. 

His  ASTRO  SCO  P IV  M:  Being  the 
Defcription  and  life  of  two  Hemifpheres.^?vo~ 
jeded  upon  the  Poles  of  the  World.  %vo. 

His  DIALLING^  Plain.,  Concave,  Con-- 
vex,ProjeIlive,RefieIlive  and  Refrahiive.  Folio. 

His  Second  Part  of  the  Rde  of  Proportion. 
120. 


His  CVRSVS  MATHEMATICVS: 
Or,  the  Mathematical  Sciences  fo  methodically 
difpofed,as  they  ought  to  be  Read  and  Pra- 
Bifed  by  fuch  as  would  attain  to  a  competent 
proficiency  in  them  by  their  own  Induflry. 
Folio. 

His  R  E  CR  E  AT  10  NS,  Numerical,  Geo¬ 
metrical,  Mechanical,  Statical,  Afironomical, 
Horometrical,  Crytographical,  Magnetical,  Au¬ 
tomatical,  Chymical,  Hiftorical.  Folio. 

UhP  ANAR  IT  H  MO  LOG  I  A:  A 
Book  of  Accounts  ready  call  up  :  Being  a 
Mirror  for  Merchants,  a  Breviate  for  Bankers, 
a  Treafare  for  Tradcfmen,  a  Platform  for  Pnr- 
chafers  or  Mortgagers,  &c. 


He  hath  now  Preparing,  and  almoil  ready 
for  i,the  Prefs,  Thefe  Pieces  following, 

! 

ATRIGONO  METRIE,  Plain  and 
Spherical',  all  Geometrically  demon- 
ftrated. 

A  Treatife  G  EO  METRIC  A  L,  ol 
AJlronomie  and  Geography,  wholly  defignec 
for  Navigation',  wherein  that  Art  will  be 
rendred  far  more  eafy  than  hitherto  it  hatl 
been  ufually  Taught  or  Prallifed. 

V  RAN  I A  PRACTICA  Rediviva 


.  ADVERTISEMENT. 

I 

TH  E  Place  of  the  Author^  Refidence  is  about  Ten  miles  fron 
Lo/7c/o72  Weft  ward,  at  a  Place  called  in  the  Road  be* 

tween  ASon  and  Vxhridge.^  and  three  miles  from  :  When 

he  intends  to  Read  the  Matheniaticks.^  and  Inftrutt  young  Gentlemen 
and  others;  And  to  Board  upon  reafonable  Terms,  all  fuchasflial 
be  pleafed  to  make  a  more  clofe  Application  to  thofe  Studies :  Wher( 
fuch  Boarders,  and  others,  (during  their  time  of  Refidence  witl 
himj  fhall  have  theTlfe  of  all  Bootj,  yWizpx,  Globes^  and  other 
thematical  Inflruments ,  as  are  neceflary  for  their  InfiruBion^  till  the; 
provide  themfelvesof  fuch  as  they  lhall  have  occafion  for  afterwards 

You  may  hear  of  him,  and  have  an  Account  of  his  Terms,  anc 
manner  of  Proceedings :  By 

Mr.  Robert  Morden.^  at  the  Sign, of  the  Atltis  in  Cornhil^  near  th 
Royal  Exchange.^  Globe'tnaker. 

y[Vi  Henry  Wyn^  in  Chancery-Lane^  over-againft  the  AoZ/r,  Math 
matkal  Infir ument -makers 

Ar 


Arts  and  Sciences  Mathematical  Profejfed  and  Tau^t 

hythe^UTHOR. 


Arithmeticky 


Geometrk : 


Afironomie: 


C  In  Whole  Numbers,  and  Fractions, 

<  In  Decimals,  and  by  Logarithms. 

iClnftrumentally,  by  Decimal  Scales,  Napiers  Bones;  And  to  extrad 
the  Square  and  Cube  Roots  by  Inlpedion. 

>  The  Principles  thereof^Prad:ice,and 
with  the  ”^Demonftration. 

^Theorical  and  Pradical. 

A  The  Dcfcription  of  the  Circles  of  the  Sphere.’ 

y  he  Uft  of  the  Globes, 


To  projed  the  Sphere  w  Plana  upon  any  Circle,  S  Right,  of 

^Oblique. 

And  upon  thefe  Foundations,  the  following  Superftiahfhires. 


The  Ufe  of 
Geometrical 
InJlrumentSy 
in  the 
Pradice  of 


‘Trees,  Towers,  &c: 

jMines, ,  Wells ,  Defeents ; 
asof^  cy^c'.  ^ 

.Churches,  Towers,  &c^ 


Triganometria : 


r  Heights, 

Lonoimetria,  or  the^Depths, 

Menfuration  of  A 

CDiftances, 

CBoafd, 

,  Planometriay  or  the  jGlafs,  v 
^  Menfuration  of  ‘SPavement,  (  other  Superficies. 

CTiling,  d“c.  j- 

Stereometria ,  or  the  C Timber,  groing  or  fquared, 

Menfuration  of  Stone ,  regular  or  irregular. 

^  cCask,  commonly  called  Gaging^ 

Geoda/iay  or  the  Meafuring  of  Land  divers  ways,  and  by  feveral  In- 
'  ftruments  ^  to  draw  the  Plot  of  a  whole  Mannor  or  Lordfliip ;  to* 
call  up  the  Content  thereof  j  and  to  beautify  the  fame  with  ail  ne- 
'  ceflary  Ornaments  thereunto  belonging^ 

the  Menfuration  of  Triangles,  bothT^lain,'  and  • 

TSpherical. 
rCeometry." 

)  ^  ^  XAflronomy* 

/The  Application  thereof,  in  the  folution  jGeography 
L  of  Problems  in  \Navigation.' 

/Fortification.’ 

^  t  Dialling,  &c. 

{Tu..-n  •  •  1  .1  /•  ,  ,  C The  Plain  Sea-Chart 

The  Principles  thereof,  and  t\tt^MercatoRs  Chart. 

manner  of  Sailing  by  '  eTheArchofagreatCircle.  ' 

r  Arithmetically y  by  the  Tables  ofS  Tangents. 

I  J  rc  1  j  ^Logarithms. 

llr.flmmmaUy,  by  the  Seaor,  Quadrants  ,•  Scales ,  and  other  In- 
L  ftruments  accommodated  wi  th  Lines  for  that  purpofe. 

ALSO 

IF  any  would  have  their  ^nd  or  Building  Surveyed,  or  Meafured,  and  a  Plot 

their  Houfe  or  Garden  (of 
fliaH  b  prepare  or  make  for  them  fuch  as 


V 


Navigation : 


HorologiografhUy 

Or 

Dialling  : 


A  NECESSARY 


INTRODUCTION 

,  Confifting  of 

DEFINITIONS  and  TROBLEMS, 

Geometrical  and  Aftronomical : 


9 


For  the  more  eafie  Apprehending,  and  ready  Perforrhing 
of  the  feveral  Matters  and  Things  contained  in  the 
following  TRACTATES. 


P  R  0  B  L  E  M  I. 

From  cinj  Point  tn  ci  Right  to  ereii  mother  Line,  which 

jhall  be  Perpendicular  to  the  Right  Line  given. 

Definition  i.]  A  Point  is  that  which  hath  no  Fart and  is  the  leasi 

imaginary  Thing ,  as  this  Point  or  Prick  noted 
-  ^  with  [Z*] 

Definition  A  Right  Line  is  a  Line  drawn  equally  between  two  given 
Points,  and  is  the  fhortell  diflanee  between  them^  as  is  this  Line  X-Y,  which 
is  the  (hortest  diflanee  between  the  two  Points  X  and  Y. 

[X - Y] 

Definition  7,.']  A  Right  Line  is  faid  to  be  Perpendicular  to  another 
Right  Line,  when  itmaketh  the  Awglts  on  either  ftde  of  the  ehHed  Line 
equals  that  fo  that  the  erefted  L-ine  inclines  not^  either  to  the  Right-hand^ 
or  to  the  Left ;  but  Jlandeth  upright  upon  the  lAnc  from  which  it  is  ereBed : 

As  in  [Figure  L]  The  Right  Line  AB,  is  [aid  to  be  Perpendicular  to 
the  Right  Line  C  D,  upon  which  it  is  ereBedy  for  that  it-inclineth  neither  to  ■ 
the  Right  or  Left-hand ;  and  becaufe  the  Angles  on  either  Side  thereof  are 
equal  ;  namely y  The  Angle  A  BC,  on  the  one  fidey  equal  to  the  Angle 
A  B  D,  on  the  other  fide  ;  either  of  which  Angles  are  Right  Angles,  and 
the  Right  Line  A  B,  fb  Jlandingy  is  Perpendicular  to  the  Right  Line  C  Dy 
upon  which  it  is  erected, 

Practice.yY  E  T  the  Right  tine  given  be  C  D,  and  let  it  be  requi-  Figure 

J _ i  red  to  erc6l  another  Right  Line,  which  fhall  be  Perpen-  1. 

dicular  .thereunto,  front  tlie  Point  B. 

Open  your  Compaffes  to  any  convenient  fmall  diftance,  and  Petting 
one  foot  in  the  Point  B,  with  the  other  make  the  two  fmali  Marks  E  and 

B  F,  on 


2 


1  N  T  R  0  D  U  C  T  I  0  N. 

F,  on  either  fide  equi-dillant  from  the  given  Point  B. - This  done^ 

Open  the  CompafTes  again  to  any  convenient  dilfance,  (greater  than  the 
former)  and  fetting  one  foot  in  the  Point  E,  with  the  other  defcribe  the 
obfcure  Arch  G  G,  (over  the  given  point  B  ,  as  near  as  you  can  guefs) 

_ Again,  ( the  CompafTes  being  fTill  open  at  the  lame  diftance)  Set 

one  foot  in  the  point  F,  and  with  the  other  defcribe  another  obfcure 
Arch  H  H,  crolTing  th6  former  in  the  point  A :  So  is  A,  a  point  found, 
through  which,  if  you  draw  a  Right  Line  from  the  given  point  B,  that 
Right  Line  A  B,  fhall  be  Perpendicular  to  the  given  Right  Line  C  D,  and 
from  the  point  B,  which  was  required  to  be  done :  And  the  Angle  ABD, 
on  the  one  fide  thereof,  is  equal  to  the  Angle  ABC,  on  the  other  fide ) 
and  both  of  them  are  Right  (or  Square)  Angles. 

.  Note^  An  Angle  is  always  fignified  by  Three  Letters,  as  a  Point  is  by 
One :  The  middlemolt  of  which  Three  reprefenteth  the  Angular 

•  point,  as  in  this  Cafe  the  Letter  B - -B,  being  the  Angular  point, 

and  the  Lines  A  B,  and  B  C  the  Sides,'  containing  the  Angle  B* 

‘  P  R  O  B  L..  11. 

Horv  to  erelil  a  Perpendicular  ^  when  the  given  Point  is  in  (or  near) 
the  end  of  the  given  Right  Line, 

iV.iJ?/V^.]'’“I^Here  are  feveral  ways  to  effed;  this ;  of  which  I  will  herd 
I  Blew  you  only  Two,  as  being  the  beft. 

Let  A  B  be  a  Line  given ,  and  from  the  point  A,  towards  tire  end 

fl;  thereof,  let  it  be  required  to  erect  the  Perpendicular  AC. - Firft, 

Open  the  CompafTes  to  any  fmall  diftance,  and  fetting  one  foot  in  the 
given  point  A,  with  the  the  other  defcribe  an  Arch  (or  part)  of  a  Cir- 
.  cle  F  E  D ;  —  And  (keeping  the  CompafTes  ftill  at  the  fame  diftance)  fet 
one  foot  in  D,  and  make  a  mark  in  the  Arch' at  E,  and  fetting  one  foot 
in  E,  with  the  other  defcribe  another  Arch  of  a  Circle  AF  G,  crofTing 
the  firft  Arch  in  F. —  Again,  Set  one  foot  in  F,  and  with  the  other  de¬ 
fcribe  the  fmall  Arch  H  H,  crofling  the  former  in  the  point  C,  througli 
which  point  C,  draw  a  Line  from  the  given  point  A,  and  that  Line 
fhall  be  Perpendicular  to  the  given  Line  AB,  and  drawn  from  the  point. 
A,  as  was  required. 

A  Second  Waj,  ’  " 

Let  B  (the  extreme  end  of  the  given  Line)  be  the  point  given. - - 

Open  the  CompafTes  to  any  convenient  diftance,  and  fetting  one  foot 
in  B,  pitch  down  the  other  foot  at  adventure  in  the  point  K;  fo  one 
foot  refting  in  K,  turn  the  other  about  till  it  crofs  the  given  Line  A  B  in 
L,  and  draw  the  Right  Line  L  K  at  length,  and^  fet  the  fame  diftance 
K  L,  (at  which  the  CompafTes  already  ftand)  from  K  to  M  ;  fo  a  Line 
drawn  from  B  through  M,  fhall  be  Perpendicular  to  AB,  and  from  the 
given  point  B,  as  was  required. 


P  R  O  B  L,- 


INTRODUCTION. 


■  P  R  O  B  L.  III. 

From  A  Point  above ^  to  let  a  Perpendicular/^//  upn  a  Right 

Line  under  it, 

T" N  this  there  are  two  Cafes.  —  FirH ,  When  the  given  point  above, 

I  is  over  (or  near j  the  of  the  given  Line  :  And  —  Secondly^  ' 

When  the  given  point  is  juft  (or  near)  over  the  End  of  the  given  Line, 

\  * 

Fraltice.']^  N’  the  fir  II  Cafe ;  Let  NO  be  a  Right  Line  given,  and  from 
J(  the  point  P  (over  it)  let  it  be  required  to  let  fall  the  Per- 

pendicular  P  Q. - Fir  If  Open  the  Compafles  to  any  convenient  di- 

ftance,  greater  than  the  Diftance  between  P  and  Q,;  and  fetting  one  foot  in 
P,  with  the  other  draw  an  obfcure  Arch  of  a  Circle,  cutting  the  given 

Line  in  the  points  R  and  S. - Secondly,  Divide  the  fpace  between  R 

and  S,  into  two  equal  parts  in  the  point  Q;  So  a  Right  Line  drawn 
from  the  given  point  P,  to  the  point  Q,  fhall  be  Perpendicular  to  the 
Line  N  O. 


A^ote,  To  avoid  the  dividing  of  the  Space  R  S,  into  two  equal  parts,  to 
find  the  point  Q.;  if  you  have  room  (either  above  or  beneath  your 
Line)  you  may  fet  one  foot  in  S,  and  opening  the  Compaffes  to  any 
convenient  diftance,  make  the  Arch  Y  Y,  and  removing  the  Com- 
palfes  to  R,  make  the  Arch  Z  Z,  crofting  the  fotmer  in  JE,  fo  a 
'  Line  drawn  through  M  and  P,  fliall  be  perpendicular  to  N  O. 

IfT  the  fecond  Cafe ;  Let  V  be  the  point  given ;  —  Firll,  From  any  part 
of  the  given  Line  N  O  ;  as  from  T,  draw  a  Right  Line  to  the  given 

point  V,  which  divide  into  two  equal  parts  inX. - Secondly,  Set  one 

foot  of  the  Compalfes  in  X,  and  with  the  diftance  XT  defcribe  the  Arch 
(or  Semicircle)  VOT,  cutting  the  given  Line  NO  in  O  ;  fo  fhall  O  be 
the  point,  to  which  from  the  given  point  V,  if  you  draw  a  Right  Line, 
it  fhall  be  a  Perpendicular  to  the  Line  N  O  j  and  from  the  point  V  ;  as 
was  required. 


P  R  O  B  L.  IV. 


To  divide  a  Right  Line  into  Trvo  equal  Parts,  and. at 
Right  ( or  Square )  Angles. 

PraHice,']  T  E  T  AB  be  a  Line  given ,  to  be  fo  divided. ^ Take  in 

J _ j  your  Compaffes  the  length  of  the  given  Line  A  B ,  or 

any  other  diftance,  greater  than  half  the  length  thereof.;  and  fetting  one 
foot  in  the  end  A,  withvthe  other  draw  the  Arch  C  D  E. - -Second¬ 

ly,  (the  Compaffes  being  open  at  the  fame  diftance)  Set  one  foot  in  Bj 
and  with  the  other  crofs  the  former  Arch  (  both  above  and  below  the 
Line)  in  the  points  F  and  G :  So  a  Right  Line  drawn  (or  a  Ruler  laid) 
from  F  to  G,  fhall  cut  the  given  Line  in  H ;  fo  fhall  the  given  Line 
A  B  be  divided  into  Two  equal  parts  in  the  point  H,  and  at  Right 
Angles,  which  was  required. 


Figuri 

IV. 
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introduction. 


P  R  o  B  L.  V. 

A  Right  Line  being  given^  to  dr  aw  another  Right  Line  which  Jball  be  Pa¬ 
rallel  thereunto,  at  any  diftance  required,  or  thro*  any  Point  ajjtgned. 

Definition.]  T)  Parallels,  are  fuch  Right  Lines,  which  being 

drawn  upon  the  fame  Rlain,  and  infinitely  extended  on  et~ 
ther  fide,  would  never  concur  or  meet ;  hut  always,  in  all  parts,  retain  an 
equal  difiance  ;  and  fuch  are  thefe  two  Right  B  G 

Lines  and  V. D.  B - - - 

In  the  defcribing  or  drawing  of  ?m\M  Lines,  there  may  fallout  Two  Ca¬ 
fes  Varieties.  As, 


1.  It  may  be  required  to  draw  d  Line  Parallel  to  another  Line,  at  a  cer^ 
tain  given  difiance, 

2.  The  Parallel  may  be  required  to  be  drawn  through  an  affigned  Point. 


And  of  this  Kind  there  are  two  Varieties :  For, 


t.  The  given  Point  may  be  over'i^r  under  the  given  Line,  Or, 

2.  It  may  be  Oblique  to  the  Line  given. 

Figure  France  of  the'T  E  T  E  F  be  a  Right  Line  given,  and  let  it  be  requi- 

V.  Firfi  Cafe.']  Jjj _ j  red  to  draw  another  Right  Line  Parallel  thereunto, 

at  the  diftance  of  the  length  of  the  Line  G. 

Firll,  Take  in  your  Compaftes  the  length  of  the  given  Line  G,  and 
fet  one  foot  in  the  point  E,  (or  in  any. other  part  of  the  given  Line,  to¬ 
wards  the  end  thereof )  defcribing  the  fmall  obfcure  Arch  I K :  — -Then 
move  the  Compaftes  to  F,  (near  the  other  end  of  the  Line)  and  defcribe 
another  fmall  and  obfcure  Arch  L  M :  —  Laftly,  Lay  a  Ruler  to  the  ve¬ 
ry  top  of  thefe  two  Arches,  fo  that  the  Ruler  do  not  crofs  but  juftly 
touch  either  of  them  ;  Then  if  by  the  edge  of  the  Ruler  you.  draw  a 
Right  Line  N  O,  it  fliall  be  Parallel  to  the  given  Line  E  F,  and  at  the 
diftance  of  the  length  of  G,  which  was  to  be  done. 

Fraliice  of  the  ^  ET  PQ,  be  a  Right  Line  given,  unto  .which  you 
Second  Cafe,  J _ j  are  to  draw  another  Right  Line  Parallel,  which  Pa¬ 

rallel  muft  pafs  thro’  the  given  point  R.  ' 

Firfi,  'Set  one  foot  of  your  Compaftes  in  R ,  and  with  the  other  take 
the  neareft  diftance  to  the  given  Line  P  which  us  done  by  opening 

or  (hutting  of  the  Compaftes,  till  the  moveable  point  of  them  do  only 
touch  the  given  Line  P  Q;  and  there  defcribe  the  Arch  S  T.— i  Secondly^ 
The  Compaftes  at  the  fame  diftance,  fet  one  foot  in  P,  for  any  point 
towards  the  other  end  of  the  given  Line)  and  with  the  other  defcribe 

the  Arch  V  X. - Lafily,'  Through  the  given  point  R,  and  the  very 

top  of  the  Arch  V  X  at  Y,  draw  the  Right  Line  R  Y,  and  it  fliall  be 
parallel  to  the  given  Line  P()  ,  and  fhall  alfo  pafs  through  the  given 
point  R  ;  which  was  required  to  be  done. 

‘  . 
Praclice  of  the^  ET  A  Bbe  a  Right  Line  given,  to  which  another 
Third  Cafe.  |  i  Parallel  Right  Line  is  given  to  be  drawn,  wdiich 
(hall  pafs  through  the  Point  C. 


Firs'l, 
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Fir  sty  Take  in  your  Compares  the  diftance  from  C  to  B,  the  end  of 
*  the  given  Line.  —  Secondly y  Set  one  Foot  in  A,  ( the  other  end  of  the  ' 
given  Line)  and  with  the  other  defcribe  the  obfcure  Arch  F  G.  — Thirdly y 
Take  in  your  Compaifes  the  length  of  the  given  Line  A  B,  and  fetting  - 
one  Foot  in  C,  with  the  other  defcribe  the  Arch  D  E,  crofling  the  for¬ 
mer  in  the  point  H  :  So  a  Line  drawn  from  the  point  C,  through  the 
point  H,  (hall -be  parallel  to  the  given  Line  A  B,  which  was  required. 

I  4 

P  R  O  B  L.  VI. 

To  make  an  Equilateral  Triangle,  whofe  Sides  fljall  be  all  eq^ual  td 

a  Right  Line  given. 

Definition,]  A  N  Equilateral  Triangle,  is fuch  a  Triangle  as  hath  all 
•  /  \  its  Sides  equal  one  to  another. 

Practice,']  X  ET  CL  be  the  Line  given,  to  which  make  the  Line  M  O  Fi<rure 

J _ j  equal  ;  Then,  Take  the  length  thereof  in  your  Com-  yj, 

palfes ,  and  fetting  one  foot  in  M,  with  the  other  defcribe  the  Arch  A  A.  — 

Again,  Setting  one  foot  in  O,  defcribe  the  Arch  B  B,  cutting  the  former 
Arch  in  N.  —  Laftly,  draw  the  RightXines  N  O,  and  N  M,  and  they 
fliall  include  the.  Equilateral  Triangle  M  N  O,  as  was  required. 

P  R  O  B  L.  VII. 

To  make  a  Tmngh  of  any  three  Qoffible)  Right  Lines  givem 

Let  the  three  Lines  given  be  C,D,  and  E.— -  Firfiy  Take  the  Figure 
longeft  Line  C,  in  your  CompalTes,  and  make  the  Line  F  G,  equal 
thereunto.— *-  Secondly y  Take  in  your  Corapalfes;  the  Line  D,  and  fetting 
one  foot  in  G,  defcribe  the  Arch  HH. —  Tlnrdlyy  Take  the  Line  E,and 
fetting  one  foot  in  F,  defcribe  the  Arch  II,  crolfmg  the  former  Arch  in 

_ Laftly,  Draw  the  Right  Lines  K  F,  and  K  G,  and  they  fhall  con- 

ftitute  a  Triangle,  whofe  three  Tides  fhall  be  equal  to  the  three  given 
Lines,  C,D,E,  which  waa  required. 

I  . 

.  P  R  O  B  L.  VIII. 

To  make  a  Geometrical  Square,  rvhofe  four  Sides  fhall  he  equal  to 

a  given  Right  Line.  ^ 

Definition.]  \  Geometrical  Squared  fuch  a  Figure  whofe  four  Sidts 

are  all  equal y  and  its  four  Angles,  all  (^or 

Square)  Angles. 

Practice,'YT  ET  the  given  Line  be  S,  take  the  length  thereof,  Figure 

J _ j  make  the  Line  T  V  equal  to  it ,  Then  on  the  end  T,  VIIL 

ere£I  a  Perpendicular  T  X ,  equal  alfo  to  the  Line  S.— -Again,  Set  one 
Foot  of  the  Compaffes  in  X,  and  with  the  other  defcribe  the  Arch  P  P. — 

Alfo,  fet  one  foot  in  V,  and  with  the  other  defcribe  the  Arch  RR,  cut¬ 
ting  the  former  Arch  in  Z. — Laftly,  Draw  the  Lines  ZX,  and  Z  V,, 
and  you  ftiall  have  conftituted  a  Geometrical  Square y  whofe  Sides  fliall  be 
all  equal  to  the  given  Line  S,  as  was  required. 


C 
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•  P  R  O  B  L.  IX. 

To  divide  a  Right  Line  given ^  into  any  number  of  Equal  Parts. 

Figurs  FraBiceiT'  ET  the  Right  line  G  be  the  line  given,  to  be  divided  into 
IX.  B  i  five  equal  parts. 

Firfij  Upon  any  line  drawn  at  pleafure,  as  the  obfcure  line  H  K,  with 
your  Compaffes  opened  to  any  fmall  diftance,  run  along  the  fame  Five 
times  at  the  figures,  o,  i,  2,  5,  4,  5,  (becaufe  the  line  given  is  to  be  di¬ 
vided  into  five'parts). — Then,  take  in  your  Compaffes  the  diftance  from 
o  to  5,  and  with  that  diftance,  make  the  Equilaterd  Triangle  5  L  o. 
— Again,  take  in  your  Compaffes  the  given  line  G,  and  fet  that  di¬ 
ftance  from  L  to  M  and  N,  drawing  the  line  M  N  (which  will  be  equal 
to  the  given  line  G). — Laftly,  Lay  a  Ruler  from  L,  to  the  points  i,  2, 
and  4,  in  the  line  H  K,  and  the  Ruler  will  cut  the  line  M  N  in  the  points 
1,2,54,  dividing  the  fame  line  equal  to  G,  into  five  equal  parts,  as 
was  required. 

N’ote^  This  Equilateral  Triangle  thus  made,  is  capable  of  dividing 
any  other  line  into  five  equal  parts,  be  it  either  greater  or  leffer  than 
this  given  line  G,  if  the  length  thereof  be  fet  from  L,  on  both  Tides 
of  the  Triangle,  and  the  line  drawn  crofs  from  fide  to  fide,  as  in  tlie 
figure  you  fee  the  line  QR,  which  is  fhoiter,  and  the  line  P  O,  which 
is  longer  than  M  N  (which  was  equal  to  our  given  lin^  G)  are  both 
of  them 'divided  into  five  equal  parts. 

P  R  d  B  L.  X. 

How  to  divide  a  Right  Line  in  fuch  farts  as  another 
Right  Line  is  before  divided. 

Figure  Y  ET  the  line  A  B  be  a  Right  line  unequally  divided  in  the  points  1 0/ 

■  X.  I  j  20,  30,40, 50,  60,70,  and  80.  And  let  it  be  required  to  divide 
the  two  lines,  viz,  C  D  which  is  longer,  and  E  F  which  is  fhortery 
into  the  like  unequal  parts.  > 

Of  the  given  line  A  B  make  an  Equilateral  Triangle  A  S  B,  and  extend 
,  the  fides  S  A  and  S  B  to  G  and  H,  and  farther  if  occafion  be . 

Then,  take  the  fhorter  line  E  F,  and  fet  it  from  S  to  E,  and  from  S  to 

F,  and  draw  the  Right  line  E  F. - Alfo  take  the  longer  line  C  D,  and 

fet  that  from  S  to.  C,  and  from  S  to  D,  and  draw  the  line  C  D. 

Now  if  you  lay  a  Ruler  to  S,  and  to  the  feveral  unequal  divifions  of 
the  line  A  B,  where  the  Ruler  fo  laid  doth  crofs  the  two  other  lines,  it 
lliall  alfo  divide  them  into  the  like  parts. 


P  R  O  B  L.  XI. 


Figure 

XL 


To  any  three  Edmts given^  which  lye^not  in  a  Right  Line ;  to  fnd  the  Centre 
of  a  Circle,  wh^e  Circumference  being  defcribed^fljall  fafs  through  the 
given  Points. 

Let  the  three  points  be  A,  B,'  C, — Firfi^  Set  one  foot  of  your  Com¬ 
paffes  in  one  of  the  given  points  A,  and  extend  the  other  foot  to 
B,  another  of  the  given  points,  and  draw  the  Arch  of  a  Circle  G  F  D. 
—Secondly^  (the  Compaffes  being  kept  at  the  fame  diftance  as  before) 
>  Set 
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Set  one  foot  in  B,  and  with  the  other  foot  crofs  the  former  Arch 
G  F  D,’  with  two  fmall  Marks  or  Arches,  in  the  points  D  and  F,  and 
draw  the  right  line  D  F. — Thirdly.,  let  one  foot  of  the  Compares  in 
the.  third  given  point  C,  (they  hill  keeping  the  fame  opening)  and  with 
the  other  foot  crofs  the  lirh  drawn  ArchGF  D,  in  the  points  E  and  G, 
and  draw  the  right  line  EG,  eroding  the  former  right  line  DF  in  the 
pToint  O,  So  fhall  O  be  the  Centre  of  a  Circle ;  in  which,  if  you  fet  one 
foot  of  the  Compailes,  and  open  the  other  to  any  of  the  three  given 
points,  the  Circle  fo  deferibed  fhall  pafs  diredly- through  all  the  three 
points  A,  B,  and  C,  as  was  required. 

P  Pv  O  B  L.  XII. 

r 

Tiro  Points  mthin  Circle  being  given  .^how  tojindthe  Centre  of  the  Arch 
of  a  Great  Circle,  which  jhdl pafs  through  thofe given  Points. 

Definition.]  \  Great  Circle  upon  the  Sphere,  is  fuch  a  Circle  as  divideth 

the  Sphere  or  Globe  into  Two  equal  parts;  and  fo,  the 
Arch  of  ' a  Great  Civch,  deferibed  upon  a  Plain,  is  Juch  an  Axc\  as  divu 
deth  the  Perifery  or  Circumference  of  the  Fundamental  or  Primitive  Cir- 
^  cle  given.^  into  Two  eq^ual  Parts. 

-  Figure 

Praclice.JY’  ET  G  B  H  D  be  the  Fundamental  ox  Primitive  Circle  given,  XIL 

J _ ^  whofe  Centre  is  C ;  and  let  the  two  points  within  the 

fame,  through  which  the  Arch  of  a  Great  Circle  is  to  pafs,  be  X  and  Y. 

Firtf  Through  one  of  the  given  points  X,  and*Centreof  the  Circle  C, 
draw  a  right  line  X  C,  extending  it  infinitely  towards  F ;  upon  this 
line  from  the  Centre  C,  ereftthe  Perpendicular  C  B,  and  draw  the  right 
line  B  X,  cuttingthe  Circle  in  G,  through  which  point  G,  and  the  Cen¬ 
tre,  draw  the  Diameter,  or  right  line  G  C  H.  Lafily\  Through  the 
points  B  and  H  draw  a  right  line,  extending  it  till  it  cut  the  line  X  F  in 
R,  fo  have  you  found  a  third  point,  viz.  R,  through  which  the  Arch 
of  the  great  Circle  to  be  deferibed  mufl:  pafs ;  and  now  having  three 
points,  X,  Y  and  R,  you  may  through  them  (by  the  laft  Problem)  draw 
the  Arch  of  a  Circle,  namely  the  Arch  A  X  Y  L  R,  whofe  Centre  will 
be  at  K,  and  whofe  Arch  will  divide  the  Primitive  Circle  into  two 
equal  parts  in  the  ppints  A  and  L :  And  that  it  doth  fo,  is  evident,  for 
that  the  right  line  drawn  from  A  to  L,  doth  alfo  pafs  through  C  the 
Centre  of  the  Primitive  Circle,.' 
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ASTRONOMICAL 

DEFINITIONS 


BEING 


The  Deferiftion  of  a  Material  Sphere  or  Glohe^andofthe  Poin  ts, 
Lines  and  Circles  thereon  defcribed  and  belongings  hove  they 
are  fituate  upon  the  Globe,  and  to  wbat  Ufe  each  of  them 
jer^eth. 


Figure 

XIIL 


I 


WHofoever  intends  to  attain  any  competent  Knowledge  in  the  Art 
of  DhUmg  with  Profit,  mufi:  not  be  ignorant  of  the  Rudiments 
and  Pri/fciples  of  Jfironomy ;  fuch,  I  mean,  as  relate  to  the 
Sphere  or  Globe ;  of  which  I  have  lately  publifibed  a  Book  of  the  Vfes 
oftheGUp/,  Celelflaland  Terreftial ;  and  to  be  well  acquainted  with 
the  leveral  Points,  •  Lines,  and  Circles  thereon  defcribed  ;  and  to  know 
to  what'Xy^  each  of  them  are  appropriate:  To  the  attaining  where¬ 
of,  Tpremife  thefe  following  Definitions, 

1.*  Of  a  Sphere  in  General, 

a 

Definition.]  A  Sphere  (its  it  is  defined  by  Euclide)//  a  folU  Figure; 

f  \  made when  the  Diameter  of  a  Semicircle  abiding  un- 
moved,  the  Semicircle  is  turned  round  about,  till  it  return  to  the  fame  place 
from  whence  it  began  to  be  moved :  So  that  all  the  Rayes  drawn  from  the 

Centre  to  the  Superficies  of  a  Sphere  are  equal. - The  Axis  which 

Sphere  is  that  fixed  Right  Line,  about  which  the  Semicircle  is  moved, 

- 'The  Centre  of  the  Sphere,  is  the  fame  point  with  that  of  the  Se- 

micircle% - And  the  two  extream  ends  of  the  Diameter  of  the  Semicircle^ 

are  the  two  Poles  of  the  Sphere. 

The  Circles  that  are  defcribed  upon  the  Superficies  of  a  Sphere,  are  in 
number  Of  which  Six  are  called  Great  Circles^ they  divide 

the  whole  body  of  the  Globe  into  Two  ecpual  parts. - The  other  Four 

are  called  Small  or  Leifer  Circles,  for  that  they  divide  the  body  of  the 
Globe  into  Two  unecpual  Parts , 


1.  Meridian 

2.  The  Horizon 

3.  The  iEquinoHial 

4. -  The  Ecliptick 

5.  The  Prime  Vertical  or 
Circle  of  Eafi:  k  Weft: 

6.  The  Hour-Circles 


1  ry.  Azimuths,  Vertical 
'  Circles  ’ 

8.  The  two  Tropicks 
>^’  9.  Parallels  or  Circles  of 
Declination 

10.  Circles  or  Parallels  of 
Altitude. 


Of  thefe  Circles,  all  but  the  three  lafi  are  great  Circles  of  the  Sphere, 
which  divide  it  into  two  equal  parts ;  and  the  two  Tropicks,  the  Circles 
of  Altitude,  and  Declination,  are  fmaller  Circles,  and  divide  the  Sphere 
into  two  parts  unequally.  There 
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There  are  no  more  Circles  than  thefe  followings  Actually  defiribed  on  the 
Sphere  viz. 


1.  Meridian 

2.  Horizon 
T/?f  Equinoctial 

4.  The  Ecliptick 

5.  EquinoAial  q 

6.  Solfticial  .fCofo'-f 


^  VI  Great  Circles. 


Z-l  Tropicks  ^ 

^  itapmcorn 

loi}  {jlunki 


IV  Small  Circles 


Ten  Circles  in  all  ;Six  Greater  and  Four  Leffer  as  was  [aid  hefqre. 

As  for  the  Hour-Circles  and  Vertical  Circles,  which  are  mentior^d 
amongthe  Great  Circles  of  the  Sphere  in  the  former  Analyfsy  They  are 
not  drawn  thereon^  becaufe  there  is  an  infinite  Number  of  them  ;  and  mujt 
therefore  be  left  for  the  Imagination  to  conceive  ^  according  to  the  fo fit  ion  of 
theje  Places  on  the  Globe  which  they  rejpeft ;  as  well  as  fever al  other  Great 
Circles,  viz.  The  Circles  of  Longitude,  Pofition  and  many  others  which 
are  only  imaginary. 

Neither  are  thefe  LelTer  Circles  or  Parallels  of  Declination  and  Alti¬ 
tude  fixed  thereon  for  the  like  Reafon. 

But  being  neverthelefs  of  Equal  Vfe  in  the  Ait  of  Dialling,  we  have 
therefore  Accounted  for  them  among  the  Refi  in  the' following  Definitions, 

Be fides  thefe  great  ^Wfmall  Circles,  there  are  fever  al  Points  of  note 
upon  the  Globe:  as  (^i,)  The  Zenith,  which  is  the  Point  in  the  Heavens 
direUly  over  our  heads ^  in  what  part  of  the  Earth  foever  we  be (2,)  The 
Nadir,  which  is  the  Point  dire  fitly  under  our  feet  ^  f:^,)  The  Poles  of  the 
World,  about  which  the  Heavens  are  moved',  (q.j  The  Poles  of  the  Eclip-* 
tick  f  the  Poles  of  all  other  Circles, 

1.  Of  the  Meridian.  Figure 

The  Meridian  fs  a  great  Circle  of  the  Sphere,  which  paiTeth  through  XIII. 

both  the  Poles  of  t\}^  World,  and  alfo  through  the  Xenith  and  Nadir 
Points,  and  crolTeth  the  Horizon  in  the  North  and  South  Points  thereof. 

XJnto  this  Circle  (any  Day  in  the  year)  when  tjie  Sun  cometh,^  it  is 
Noon  or  Mid-day ;  and  when  the  Moon,  Stars  or  Planets  in  the  Night, 
come  to  touch  this  Circle,  they  are  then  faid  to  be  upon  the  Meridian, 
or  at  the  higheft  they  will  be  that  Night.  This  Circle  in  the  Scheme  of 
this  Projedion  is  noted  by  the  Letters  ZHNO. 

2,  Of  the  Horizon. 

The  HorizjonfiSPo  is  a  great  Circle  of  the  Sphere,  and  it  is  that  Circle 
which  divideth  the  vifible  part  of  the  Heavens  which  we  fee,''from  the'* 
not  vifible,  that  is,  it  divideth  the  Sphere  into  two  Hemifpheres,  the 
lower,  and  the  higher.  To  t^is  Circle  when  either  the  Sun,  Moon,  Stars 
or  Planets  come  to  the  East  part,  they  are  then  faid  to  rife ;  and  when 
they  have  pafied  from  the  Easterly  Point  by  the  Meridian,  and  defcendcd 
to  the  Wejtern  part  of  this  Circle,  they  are  then  faid  to  fit.  This  Circle 
is  reprefented  in  tlie  Projeftion  by  the  right  Line  HAG. 
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Of  the  Eqiiinoftial. 

The  Eminomd  is  a  great  Circle,  and  in  the  Spherek  is  elevated  above 
the  Horizon  (upon  ih<i  MerUt^n  Circle)  fo  much  as  is  the  Complement 
of  the  Latitude  of  the  Place.  As  at  London  where  the  Latitude  it  51 
deer.  X  2  min.  there  the  EquinoSUd  is  elevated  3  8  degr.  28.  min.  (which 
is  fo  much  as  5  j  degr.  5  2  min.  wants  ol  90  degi\)  and  it  cutteth  the  Hori¬ 
zon  in  thePoints  of  £«/  and  Weft.  Unto  this  Circle  when  the  bun  com- 
eth  (which  is  twice  every  year,  namely, about  the  loth  of  Mzqc/jandthe 
1 2th  oi  September )  it  caufeth  the  Days  and  Nights  to  be  of  equal  length  all 
the  World  over.  This  Circle  is  noted  in  the  Scheme  with  iE  A  and 
cuts  the  Horiz-o/t  in  the  point  Aj  which  reprelents  both  the  £^^and  We  si 

points  thereof.  ^  ; 

4.  Of  the  Echpttck. 

This  alfo 'is  a  great  Circle  of  the  Sphere^  and  (in  the  Northern  Hemi- 
fphere,  .\^htxt  the  North  Foie  is  vifible  above  iht  Horizon^  and  the  South 
Pole  not  vifiblej  is  elevated  above  the  Ec^uinocltal  Circle  fo  much  as  is 
the  Sun’s  greateft  Declination,  which  is  2  3  degr.  and  about  3 1  min.  and 
is  as  much  deprelTed  below  the  Equmoliial  in  the  Southern  Hemifphere, 
This  Circle  is  called  by  fome,  The  way  of  the  Sun-,  for  that  the  Sun 
in  his  motion  never  fwerveth  or  goeth  out  thereof ;  and  fo  -his  Lon-^ 
gitude  or  Place  is  counted  in  this  Line.  It  cutteth  the  Horizon  in 
the  Eajl  and  Weft  Point  A,  as  the  Equinocltal  did.  It  is  reprefented 
in  the  Scheme  by  the  Line  $  A  vp,  and  hath  charadered  upon  it  the  1 2 
Signs  of  the  Zodiack;  the  'Six  Northern  Signs,  r  «  n  s  and  being 
on  that  half  which  is  above  the  Horizon,  and  the  Six  Southern  Signs 

wi  I  ^  ctj and  k,  on  the  other  half,  which  is  below  the  Horizon, 

5.  Of  the  Prime  Vertical. 

Thc  Prime  Vertical,  or  Circle  of  Eaft  and  Weft,  (generally- called 
the  Equinoctial  Colure')  and  then  (as  the  Sphere  is  here  projeiEledj  the 
Meridian  reprefenteth  the  Solfticial  Colure ,  is  a  great  Circle  paffing 
throughNthe  Zenith  and  Nadir  Points,  and  alfo  through  the  Eaft  and  W eft 
.  Points  of  the  Horizon.  Unto  this  Circle  when  the  Sun,  Moon,  Stars  or 
Planets,  do  (in  their  Motions^  arrive,  they  are  then  due  Eaft  or  Weft,  It 
is  in  the  ProjeTion  fignified  by  the  right  Line  ZAN,  pafling  through 
Z,  the  Zst^tth ;  N,  the  Nadir  ;  and  A,  the  Eaft  and  Weft  point  of  the  Ho¬ 
rizon  ;  and  alfo  cutteth  the  Equinoctial  in  the  Points  r  and 

6.  Of  the  Hour-Circles. 

The  Hour-Circles  are  great  Circles  of  the  Sphere,  meeting  together 
in  the  Poles  oT  the  World,  andcrolTing  the  Equinoctial  at  right  Angles, 
dividing  it  at  every  1 5  degrees ;  and  then  every  of  thofe  Divifions  is 
one  Hour  of  time :  but  if  they  pafs  through  other  parts  of  the  Equi¬ 
noctial,  dividing  it  unequally,  then  do  thofe  Hour-Circles  reprefent  une¬ 
qual  Spaces  of  time,  according  to  the  dift ance  they  are  from  the  Meri- 
dian,Q\:  one  from  another.  Of  thefe  Circles  in  the  Scheme  of  the  Pro- 
je8:ion  there  are  four,  thus  noted,  P  B  S,  PA  S,  P  C  S,.  and  P  D  S. 

7.  Of  the  Azimuth  Circles. 

The  Azimuth  ov  Vertical  C/rr/fj,  are  great  Circles  of  t\\Q  Sphere, 
ing  together  in  the  Zenith  and  Nadir  Points,  as  the  Hour-Circles  do  in 
the  Poles  of  the  World,  and  divide  the  Horizon  at  right  Angles,  either 
equally,  or  unequally,  ds  the  Hour-Circles  did  the  Equinoctial,  In  the 
Scheme  of  the  ProjeHion  there  are  four  of  thefe  Vertical  Circles,  thus 
noted,  Z  o  N,  Z  F  N,  ZAN,  and  Z  G  N. 

y  „.■  >  8.  Of 
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8.  Of  the  Tropicks. 

Tlie  Tropicks  are  I.eiTer  Circles  of  the  Sphere^  dividing  it  unequally^ 
aiid  are  drawn  parallel  to  the  EquinoctUl.^  at  25  degr.  30  min.  diftance 
therefrom,  equal  to  the.  Sun’s  greateft  Declination  on  either  fide.  That 
Tropick  which  is  on  the  North- fide  is  called  the  Tropick  of  Cmcer^  to 
which  when  the  Suncometh  (which  is  but  onceinayear,  aboutthe  loth 
of'Jufte)  it  maketh  the  Longefi  Days  to  all  the  Northern  Inhabitants  of 
the  World  and  the  Shortefl  Nights.  The  other  Tropick.^  which  is  on  the 
South-ftde  of  the  Equinocfial.^  is  called  The  Tropick  of  Capricorn.^  to  which 
when  the  Suncometh  (^whichis  about  the  i  ith  of  December')  it  maketli 
the  Shortefl  Dayes  and  the  Longefl  Nights  to  all  Northern  Inhabitants,  and  , 
the  contrary  to  all  the  SouthernlnhsihiX.2inis  of  the  World.  In  theProje- 
ftion  thcTropick  of  Cancer  is  fignified  by  ©  I  and  the  Tropick  of  Ca-^ 
pricorn  by  K  'vy. 

9.  Of  the  Circles  or  Parallels  of  Declination. 

Thefe  alfo  are  Smaller  Circles  of  the  Sphere.,  and  are  drawn  parallel  to 
the  Equinoctial,  towards  both  the  Tropicks,  and  up  to  them .  T hofe  that 
are  on  the  North -fide  of  the  Equinoctial  are  called  Earallels  of  North 
Declination,  and  thofe  that  are  on  tht  South~fide  of  the  Equinoctial  are 
called  Earallels  of  South  Declination.  Of  thefe  Earallels  there  are  in  the 
Scheme  of  the  Projeftion  two,  one  towards  the  Tropick  of  Cancer,  the 
other  towards  the  Tropick  of  Capricorn,  and  either  of  them  20  degrees 
diftant  from  the  Equinoctial.  The  Northern  Earallel  of  Declination  is 
noted  with  H©^,  and  the  with  2»E -f.  ^ 

I  o.  Of  the  Circles  or  Parallels  of  Altitude. 

The  Circles  of  Altitude  are  likewife  Small  Circles  of  the  Sphere,  and 
'  are  drawn  parallel  to  the  Horizon,  as  the  Circles  of  Declination  were  to 
the  Equinoctial.  TEeAc  Earallels  are  drawn  from  the  Horizjon  towards 
th&  Zenith  point,  and  upon  occafion,  in  many  Cafes  quite  up  unto  it. 
By  thefe  Earallels  are  meafured  the  Altitude  or  Height  of  the  Sun,  Moon, 
and  Stars,  in  the  Scheme  there  is  only  one  of  them,  and  thatisexprefled 
by  the  Letters  MEL. 

Thus  have  I  given  you  a  brief  and  plainDQ^cEvpiionof  the  Circles,  both 
great  and  fmall,  which  we'  fly  all  have  occafion  to  ufe  in  the  following 
Treatife.  And  here  note,  that  every  CIwcXq  of  Sphere  (both  Great  and 
Small)  hath  his  proper  EoX^s,  which  EoXqs  (^  of  all  the  great  Circles)  are 
90  Degrees,  or  a  ^adrant  oj  a  Circle  difl  ant  from  the  Circle  it  felf. 

.  By  way  of  Conclufion  to  this  Introduction,  I  have  here  inferted^ 
two  Tables,  ufeful  and  pertinent  to  the  following  T raTates :  the  one  of 
the  Latitudes  divers  YA'incup^XEX^iCQS  in  England,  Scot  land,  ^nd  Ireland: 
Idle  other  of  the  Su'nis  Declination,  ufeful  for  finding  the  Sun's  Azi^, 
muth,  See. 


An 


ft 


I  NT  RO  D  UC  TlO  N. 


An  Alphabetical  Table  of  the  Latitudes  of  the 
chief  Cities  and  Te/wns  in  England,  Wales 
Scotland,  and  Ireland.  By  Robert  Morden, 


D.  M; 


D.  M. 


D.  M. 


'In  ENG  LAND. 

Bath 

Bedford 

Briftol 

Buckingham 

Bury  in  SufT 

Cambridge 

Canterbury 

Carlile 

Chefter 

Chichelter 

Colchefter 

Coventry 

Derby 

Dorchefler 

Durham 

Ely 

Exeter 

Glocefter 

Guilford 

Hertford 

Hereford  - 

Huntington 

Ipfv^ich 

Kendale 

Lancalter 

Lancefton 

Leicefter 

Litchfield 

Lincoln 

LONDON 

Monmouth 

Newcaftle 

Northampton 

Norwich 

Nottingham 

Okeham 


51 

52 
S^ 
52 

52 

■52 

5* 

54 

53 

50 

51 

52 
52 

SO 

54 

52 

50 

51 

SI 

SI 

51 

52 

52 

54 

54 

50 
52 

52 

53 

51 

51 

55 

52 
52 

52 

52 


23 

8 

28 

o 

20 

3 

20 

59 

17 

48 
S8 
28 
S8 

41 
50 
25 

42 

54 

12 

49 
8 

10 

8 

22 

28 

49 

40 

50 

15 

32 

52 

3 

14 

42 

59 

41 


Oxford 
Peterborough 
Reading 
Rocheller 
Salisbury 
Shrewsbury 
Southampton 
Warwick 
Winchefter 
Worcelter 
York 

In  WALES. 
Afaph 
Bangor 
Beaumorice 
Brecknock 
Cardilf 
Cardigan 
Carmarthen 
Carnarvan 
S.  Davids 
Denbilh 
Harlech 
l,andaaf 
Montgomery 
Pembrook 
Radnor 
Welchpool 
InSCOfLAND. 
Aberdeen 
St  Andrews 
Berwick 
EDINGBRVCH  55 
Dunblain  55 

Dunbritton  56 

Dunbar  ^6 

D  unfries  5  5 


51 

52 

51 

SI 

51 

52 

50 

52 

51 

52 

53 

53 
S3 
53 
52 

51 

52 

51 

53 

52 

53 

52 

51 

52 

51 

52 
52 

57 

55 


5<^ 

5^^ 

55 

55 

5^ 

57 


46  Dundee 
3(5  Glafgovv 
28  Irwin 
25  Larnack 

3  Montrofle 
46  Naim 
'54  Perth  or  St. J.  56 

21  Sterling  55 

4  Withern  54 
15  In  IRELAND. 

58  Ardmagh 

Athloiie 

20  Bantry 

21  Belfaft 
24  Cafhel  '' 

6  Catherlagh 

30  Clare 
1 2  Cork 

5  <5  Craven 
1 8  Drogheda 

o  DVBLJN 
1 8  Donnegal 
58  Dundalk 

31  Dungarvan 
39  Galloway 
45  James  Town 
30  Kildare 
ij.3  Kilkenny 

Kinfale 

6  Knockfergus 
24  L.imrick 
50  Letrim 

4  Londonderry 
20  Longford 
I  o  Slego 
3  Waterford 
3  I  Wexford 


54 

53 

51 

54 

52 
52 

52 
51 
54- 

53 

53 
.54 

54 

51 
53 
53 

53 

52 

51 

54 

52 

53 

55 

53 

54 

52 

52 


31 
5 

50 

51 

44 

30 

32 
IS 
57 

23 

2T 

30 

41 

24 

4(5 

42 

43 

1 

44 
2o 
40 

2 

57 
12 

53 

8 

34 

30 

io 

33 

58 

4 

’42 

17 

9 

17 


\ 
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A  TABLE  jfhewing  the  Sun's  Declination  for 
every  day  of  the  Tear,  fervingfor  the  inwe  ready 
finding  of  the  Sun's  Azimuth. 


A  Table  of  the  SurCs  Declination, 


Oi 

Janu.  1 

Febr. 

March,  j 

April. 

May. 

June. 

July- 

Aug. 

Sept. 

oa. 

Nov., 

Dec. 

■Jo  4 

* 

i. 

mi. 

1. 

mi. 

i.  mi. 

d. 

mi. 

i. 

mi. 

d. 

mi. 

d. 

mi. 

d. 

mi. 

d. 

mi. 

j 

d. 

mi. 

d. 

mi. 

d. 

mi. 

1 

21 

44 

^3 

46 

3 

24 

8 

36 

18 

5 

23 

12 

22 

8 

15 

12 

4 

24 

7 

15 

17 

40 

23 

9 

2 

21 

33 

13 

26 

3 

0 

8 

58 

18 

20 

23 

16 

22 

0 

14 

54 

4 

2 

7 

38 

17 

56 

23 

13 

3 

21 

23 

13 

5 

2 

37 

9 

20 

18 

35 

23 

19 

21 

51 

14 

36 

3 

38 

8 

0 

18 

12 

23 

17 

4 

21 

13 

12 

45 

2 

13 

9 

42 

18 

50 

23 

22 

21 

42 

*4 

17 

3 

15 

8 

22 

18 

28 

23 

20 

5 

21 

2 

12 

25 

1 

49 

10 

3 

19 

4 

23 

25 

21 

32 

*3 

58 

2 

52 

.8 

45 

18 

43 

23 

23 

6 

20 

12 

4 

I 

25 

10 

24 

19 

18 

23 

27 

21 

22 

13 

39 

2 

29 

9 

7 

18 

58 

23 

26 

7 

20 

38 

1 1 

43 

i 

LO 

45 

19 

31 

23 

29 

21 

12 

13 

20 

2, 

9 

29 

19 

43 

23 

28 

8 

20 

26 

11 

21 

03 

38 

II 

0 

19 

44 

23 

30 

21 

2 

13 

'.I 

§42 

9 

51 

19 

27 

23 

30 

9 

20 

13 

11 

0 

Oc>>  14 

II 

27 

19 

57 

23 

31 

20 

51 

12 

41 

1%  19 

10 

*3 

19 

41 

23 

31 

10 

20 

0 

10 

38 

0 

10 

II 

47 

20 

10 

23 

32 

20 

40 

12 

21 

0 

55 

10 

35 

19 

23 

3* 

'll 

19 

46 

ro 

16 

0 

33 

12 

7 

20 

22 

23 

31 

20 

28 

12 

1 

0 

32 

10 

56 

20 

8 

23 

31 

12 

19 

32 

9 

54 

0Z57 

12 

28 

20 

34 

23 

31 

20 

16 

II 

41 

Oo^  b 

ff) 

It 

18 

20 

21 

23 

31 

»3 

19 

18 

9 

32 

lp.21 

12 

48 

20 

45 

23 

30 

20 

4 

11 

21 

0  c  16 

m- 

II 

39 

20 

34 

23 

29 

14 

19 

3 

9 

10 

1  r 

44 

13 

7 

20 

56 

23 

29 

19 

51 

11 

9 

0 

r  39 

12 

0 

20 

46 

23 

27 

15 

18 

48 

8 

48 

2 

8 

13 

27 

21 

7 

23 

28 

19 

38 

10 

39 

I 

3 

12 

21 

20 

58 

23 

25 

i6|i8 

33 

8 

25 

2 

31 

13 

46 

21 

17 

23 

26 

19 

25 

10 

18 

1 

26 

12 

41 

21 

9 

23 

22 

17 

18 

J7 

-  8 

3 

2 

54 

14 

5 

21 

27 

23 

23 

19 

12 

9 

57 

I 

50 

13 

2 

21 

20 

23 

>9 

18 

2 

7 

40 

3 

18 

14 

24 

21 

3723 

2C 

t8 

58 

9 

36 

2 

13 

13 

22 

21 

31 

23 

16 

ic 

17 

45 

7 

3 

41 

14 

42 

21 

46 

23 

»7 

18 

43 

9 

15 

2 

57 

13 

42 

21 

41 

23 

12 

2C 

»7 

28 

6 

54 

4 

/ 

15 

I 

21 

55 

23 

14 

18 

29 

8 

53 

3 

0 

14 

2 

21 

50 

23 

7 

21 

17 

11 

6 

3* 

4 

28 

15 

19 

22 

4 

23 

IC 

18 

14 

8 

31 

3 

23 

14 

21 

22 

6 

23 

2 

22 

i6 

54 

6 

8 

4 

51 

^5 

37 

22 

.12 

23 

6 

17 

59 

8 

9 

3 

47 

14 

41 

22 

9 

22 

57 

^3 

16 

36 

5 

45 

5 

14 

15 

5422 

20 

23 

1 

17 

44 

7 

47 

4 

10 

15 

0 

22 

17 

22 

51 

24 

16 

18 

5 

21 

5 

37 

16 

12  22 

27 

22 

55 

17 

28 

7 

25 

4 

33 

15 

19 

22 

25 

22 

44 

25 

16 

c 

4 

58 

6 

c 

16 

2922 

34 

22 

5c 

17 

12 

7 

3 

4 

57 

15 

37 

22 

33 

22 

37 

26 

15 

42 

4 

34 

6 

22 

16 

46 

22 

41 

22 

44 

16 

56 

6 

41 

5 

20 

15 

55 

22 

40 

22 

30 

27 

15 

23 

4 

II 

6 

45 

17 

2 

22 

47 

22 

57 

16 

39 

6 

18 

5 

43 

16 

13 

22 

46 

22 

22 

2S 

JS 

i 

3 

47 

7 

7 

17 

i8 

22 

53 

22 

31 

16 

22 

5 

56 

6 

6 

16 

31 

22 

52 

22 

14 

25 

14 

45 

• 

• 

7 

3c 

17 

34 

22 

5« 

22 

23 

16 

6 

5 

33 

6 

29 

16 

49 

22 

58 

22 

5 

3C 

14 

2d 

. 

• 

7 

52 

17 

23 

3 

22 

16 

15 

48 

5 

10 

6 

52 

17 

6 

23 

4 

21 

56 

14 

d 

. 

• 

8 

14 

• 

• 

23 

8 

. 

• 

30 

4 

47 

• 

• 

17 

2^ 

• 

• 

21 

49 

The  End  of  the  IntroduHion. 


E 


PLAIN 


H 


PLAIN 


DI  ALLI 

demo  N  ST  RAT  ED: 


By  Proje£t:ing  the  Sphere  in  Plano^  upon  the  Plain  of  the 
Horizon^  fuitable  to  any  Latitude;  and  from  thence  to 
draw  the  Hour-Lines^  Stile  and  Sub-Stile^  proper  to  any 
Plain^  in  their  true  Places  and  Pofitions. 

ALSO 

^  -  V 

Upon  the  Proje6iioft,  to  exprefs  the  feveral  Spherical  Triaftgles  from  which 
all  the  Requires  belonging  to  any  Dial  are  to  be  Calculated ;  And 
how  to  Calculate  the  fame. 

LIKEWISE,  I 

How  to  Meafure  the  Sides  and  Angles  of  thofe  Triangles 

upon  the  ProjeSlon  it  felf. 


The  fir/  T  R  A  C  T  A  T  E. 


C  H  A  P.  I.  ■ 

Of  the  Lines  or  Scales  0/ Natural  Sines,  Tangents,  Secants, 
Half  Tangents,  and  Chords,  often  mention  d,  and  made 
ufe  of  in  this  Book^  Their  conftruEiion  or  making,  /hewing 
-  how  they  are  deduced  from  ^Circle  or  Semicircle;  and  from 
thence  transferred  unto  Streight  Lines,  and  Jo  may  proper¬ 
ly  be  termed  Circular  Scales  or  Lines. 

Definition,]^  I  “^He  Circumference  of  every  Circle  (^he  it  great  or  fmall^  if 
£  divided  into  ^60  equal  rarts,  called  Degrees  \  and  each 
of  thoje  Degrees  is  again  divided  (or  fuppofedfoto  be)into  60  Minutes6"t?  that 
a  Semi,  or  Half  Circle,  contains  180  degrees^  and  a  Quadrant,  or  Fourth 
part  of  a  Circle,  contains  90  degrees. 

The  Diameter  of  a  Circle  is^a  right  Line  drawn  through  the  Center 
of  the  Circle  ,  dividing  the  Circle  into  Two  equal  Parts. 

The  Semi-Diameter  of  a  Circle,  is  one  half  of  the  D.ameter,  and  is  for 
the  rnofi  part  called  the  Radius. 
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DIALLING.  15 

Pm7/Vf.]"|7^Rom  thefe  Definitions  of  a  Circle  and  its  parts,  I  proceed  Fic^ure 
to  fihew  the  manner  of  Produd ion  of  the  fore-mention’d 
Circular  Scales  or  Lwes,  of  Sines ^  Tangents ^  8>tci  there-froin. 

1.  Let  there  be  a  Semicircle  defcribed  of  any  Radius  wliatfoever, 
(fuppofe  of  two  Inches,  as  in  the  Figure)  which  Semicircle  letbe  VRS, 

•  Then  is  VS  the  Diameter  of  the  Semicircle  VRS,  and  the  PerpendL  . 
cular  raifed  from  the  Center  or  middle  of  the  Diameter^  R,  is  the 
Semidiameter  of  the  Circle.,  which  divides  the  Semicircle  into  two  Qua^ 
dr  ants,  viz.  oRS,  and  oRV. 

2.  Divide  the  two  Quadrants  oRS  and  ©RV,  each  of  them  into  90 
equal  parts  or  Degrees,  as  in  the  Figure  is  done,  beginning  at  V  and  S, 
and  afeending  upwards  towards  R ;  numbring  them  by  10,  20,  30,  &c. 
to  90 ;  as  there  you  may  fee  done. 

3.  If  you  draw  Right  Lines  from  10  in  the  one  Quadrant,  to  10  in 
the  other  Quadrant,  and  from  20  in  one,  to  20  in  the  other,  and  fo 
upwards,  till  you  come  to  R ;  thofe  Lines  10. 10,  20.  20,  &c,  will  be  all 
of  them  Parallel  to  the  Diameter  yS ;  and  will  cut  or  divide  the  Ra¬ 
dius,  or  Semidiameter  Ro,  into  90  unequal  or  Divijions)  which 
Line  (fo  unequally  divided)  is  a  Line  or  Scale  oi  S  1 N  E  S. 

4.  Upon  the  Point  S,  ereft  a  Perpendicular  to  VS,  naniely  ST : 

Then,  if  from  the  Center  ©,  you  draw  Right  Lines  through  every  de¬ 
gree  of  the  Quadrant  (as  here  is  through  every  Tenth)  you  fhall  divide 
the  Perpendicular  Line  ST,  into  unequal  parts,  at  the  points  10,  20, 

30,  &c.  up  to  T,  and  farther  if  you  go  on :  So  iliall  this  unequally  di¬ 
vided  Line  ST,  be  ^  T  A  N  G  E  NT  Line,  or  Scale :  And  from  the 
beginning  thereof  at  S,  to  45  degrees  thereof,  will  be  equal  to  the  Radius 
of  the  Circle,  or  to  the  whole  Scale  of  Sines  ©  R. 

5.  If  from  the  Center  ©,  and  from  every  degree  of  the  Quadrant  (or 
tenth  degree  thereof)  as  here  is  done,  you  draw  Right  Lines  to  the 
Tangent  Line,  thofe  Lines  fo  drawn  fliall  ho  S  EC  A  NT  S :  As  the 
Line  oET,  (drawn  from  the  Center  ©  through  60  degrees  of  the^«^- 
drant  RS)  is  the  Secant  of  60  deg.  And  the  Line  drawn  from  ®,  thro* 

50  deg.  of  the  Quadrant,  to.  50  degrees  in  the  Tangent  Line  ;  that  Line 
is  the  Secant  of  50  deg.  And  fo  ol  all  the  Reft. 

6.  Draw  the  Line  VR,  and  with  one  foot  of  your  Compaffes  placed 
in  V,  open  the  other  to  §0  deg.  in  the  Quadrant,  and  transfer  that  di- 
ftance  of  your  Compaffes,  to  the  Right  Line  VR,  by  drawing  of  the 
fiiiall  Arch  80.  80.  cutting  the  Line  VR  in  80  deg.  the  like  for  70,  60, 

50,  &c.  So  fhall  the  Line  VR  be  unequally  divided  into  90  parts,  and 
fo  becomes  a  Line  or  Scale  of  C  HO  R  DS,  60  degrees  of  this  Scale 
of  Chords,  viz.  from  V  to  60,  is  equal  to  the  whole  Lme  of  Sines  \  and 
is  called  The  RAD  TVS  of  the  Line,  or  Scale  of  Chords',  it  being 
equal  to  tbo  Semidiameter  of  Coo  Circle  ©  R. 

7.  If  45  degrees  of  the  Tangent  Line,  viz.  from  S  to  45,  be  divided 
as  here  it  is,  and  5  deg.  be  numbered  with  10,  and  10  with  20, and  20 
with  40,  then  will  4  s  deg.  be  90  deg.  and  a  line  fo  divided  is  called  a 
Ltneo^  Scale  of  HALF  TANGENTS. 

Thefe  Lines  here  defcribed  may  moft  conveniently,  be  put  upon  a 
Ruler  of  8  or  12  Inches  long,  together  with  fome  other  Lines,  or 
Scales  of  Equal  Parts,  Chords  to  feveral  Radius^,  and  fuch  like; 
which  will  be  a  convenient  Inftrument  for  any  Artift  ro  have  about  him : 
a  figure  of  fuch  a  Ruler,  with  fuch  Scales  upon  them  is  graduated 
in  Figure  II. 

And 
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JniNo-u,  ThatthefeiWej  being  pm  u^n  a  ftraight  Ka/er,  ^xn 
the  V.iure,  they  will  ferve  to  Projelt  ztiA  Workfetjal  other  Co«- 
tkfions,  however  they  only  fuic  with  the  particular  to  which 

they  are  made:  But  if  you  put  them  upon  a6c5<.r  with  a  French 
^Jnt  they  will  be  far  more  convenient  for  ufe;  for  then,  they  may 
applied^to  any  Radius,  not  exceeding  the  length  of  the&^cr’s 


Legs. 


C  H  A  P.  1 1 


Bow  to  Proje&  the  Sphere  in  Plano  fuitable  to  any  Latitude, 
upon  the  Plain  of  the  Horizon. 

HAvIn^T  already  made  way  for  the  more  Orderly  proceeding  in  the 
matter  principally  intended  in  this  Firfi  Tractate,  namely  Di- 
all  wg  deduced  from  the  Sphere  it  felf,  which  of  all  others  is 
the  moft  Rattonal  and  Demonftrative,  the  SubjeB:  of  this  fecond  Chap¬ 
ter  fhall  be  to  fliew  how  to  Froje^:  the  Circles  of  the  Sphere  upon  a  FUin^ 
fuitable  to  any  Latitude  or  Horizon  required.  This  may  be  performed 
fcveralwaysj  Namely,  (i)  By  help  ot  a  Line  or  Scale  of  equal  Parts 
divided  into  loooo,  of  equal  length  with  the  Radius  or  Semidiameter 
of  the  Primitive  Circle  you  Projea  upon.  (2)  By  the  help  only  of  a 
Scale  of  Chords  of  the  fame  Radius  with  the  Circle  you  Projed 
upon.  (3)  And  heft  of  all  by  the  Scales  of  Sines  ,  Tangents,  Secants, 
Half  Tangents ,,  and  Chords',  all  made  to  the  Radius,  orSemidia- 
meter  of  the  Circle  youprojed  upon.  Khali  fay  nothing  of  the  Firll 
of  thefe  Three  ways,  becaufe  in  this  Book  there  are  no  Tables  of  Na¬ 
tural  Sines,  Tangents,  or  Secants',  nor  of  the  Second,  becaufe  the 
Lines  in  many  Cafes  will  extend  to  almoft  infinite  Excurfions,  "but  fi:all 
fatisfie  my  felf,  aud  the  Reader  with  the  Third  and  Laft  way  namely 
by  the  Lines  or  Scales,  of  Natural  Sines,  Tangents,  Secants,  Half  Tan¬ 
gents,  and  Chords,  joyntly  ufed  together ;  the  making  whereof  hath 

been  already  taught  in  the  former  Chapter.  To  proceed  then, - Let 

it  be  required  to  FrojeB  the  Sphere  fuitable  to  the  Horizon  of  London, 
whofe  Latitude  is  5 1  deg.  3  2  min. 

Figure,  Firft,  Open  your  Compafles  to  the  Radius  of  your  Sines,  Tangents, 
III.  Secants,  Half  Tangents,  and  Chords,  which  are  all  of  one  Radius 
Qviz.  Two  Inches j  and  with  that  extent  upon  the  Point  Z,  as  a  Center 
deferibe  a  Circle,  which  I  call  the  Fundamental  or  Vrimitive  Circle, 
and  let  it  reprefent  the  Horizon  of  London, 

Secondly,  Divide  this  Circle  into  four  equal  parts,  by  help  of  the  two 
Diameters,  drawn  at  right  Angles,  namely  the  line  NZi",  reprelibnting 
the  Meridian,  and  the  Line  WZE,  reprefenting  the  Frime  Vertical  Cir¬ 
cle,  or  Azimuth  of  East  and  Wejl, 

Thirdly,  Forafmuch  as  the  Latitude  of  London  is  5 1  deg.  3  2  min, 
take  38  deg.  28  min.  (the  Complement  thereof)  out  of  the  Scale  of  Half 
Tangents,  and  fetthem  upon  the  Meridian  N  Z  S,  from  Zto  P,  fo  fliall 
PbethePij/i?  of  the  World,  and  the  Center  where  all  the  Hour-Circles 
muft  meet  and  a  Circle  drawn  which  fhall  pafs  through  the  three  points 
W,  P,  E*,  fhall  be  the  Hour-Circle  of  Six,  To  find  the  Center  whereof 

(which 


DIALLING. 

(which  will  always  fall  in  the  Meridian  Line  NZS,  extended  if  need 
be)  take  the  Secant  of  ^  deg.  3  2  min.  out  of  the  Scale  of  Secants,  and 
fet  it  upon  the  Meridian  tiom  it  fliall  give  you  the  Point  B :  Or  the 
Tangent  of  51  deg.  32  min.  fet  upon  the  Meridian  from  Z,  fhall  give 
the  fame  Point  B  as  before ;  which  Point  is  the  Center  of  the  Six  a  Clock 
Circle. 

Fourthly,  In  regard  that  the  E^umociid  Circle  is  90  deg.  diflant 
from  the  Foie  of  the  WorU^  and  5 1  deg.  3  2  min.  diftant  from  the  Z^mth : 
Take  51  deg.  32  min.  out  of  the  Scale  of  Half  Tangents^  and  fet  them 
upon  the  Meridian  from  Z  to  fo  fhall  ^  be  a  Point  in  the  Meridian, 
through  which,  and  the  Points  W  and  E  in  the  Horiz^on^thtEqumoHial 
Circle  muff  pafs.  And  to  hud  the  Center  thereof,  the  Secant  of  38  deg. 
28  min.  fet  from  iE,or  the  Tangent  of  38  deg.  28  min.  fet  from  Z  upon 
the  Meridian,  will  either  of  them  give  the  Point  C  for  the  Center  of 
the  Equinoftial  Circle  W  iE  E. 

Fifthly,  for  the  defcribing  of  the  Hoar-Circles.,  the  Point  B  (before 
found)  being  the  Center  of  the  Hour-Circle  of  Six :  Through  that  Point 
B,  draw  a  Line  at  length,  as  KB  K,  which  muff  be  Perpendicular  to 
the  Meridian  NZS,  and  confequently  Parallel  to  the  Prime  Vertical 
Circle  W  Z  E,  and  in  drawing  this  Line  true  (according  to  thefe  condi¬ 
tions)  you  muft  be  very  careful,  for  the  U'ue  drawing  of  all  the  other 
HOUR  CIRCLES  do  wholly  depend  thereon,  tho.  Ce^iters  of  all 
of  them  being  in  this  Line.  And  for  the  finding  of  the  Centers  in  this 
Line,  you  muft. 

Sixthly,  1  ake  4  5  deg.  out  of  your  Tangent  Scale,  and  fet  it  from  P  to 
R  upon  the  Meridian  Line,  and  draw  an  obfeure  Line  through  R,  Paral¬ 
lel  to  WE,  as  the  Line  R  H :  Upon  this  Line,  fet  the  Tangent  of  i< 
deg.  from  R  to  5. — Alfo  the  Tangent  of  30  d^.  from  R  to  4. — Likewile 
the  Tangent  of  45  deg.  from  R  to  3. — TheTangent  of  60.  deg.  from  R 
2. — And  kftly,  the  Tangent  of  7^5  deg.  from  R  to  i. 

Seventhly,  Lay  a  Ruler  from  P  to  5,  in  the  Line  RH,  and  it  will 
cut  the  Line  B  K  in  the  Point  V,  which  Point  will  be  the  Center,  by 
which  to.defcribethe  Hour-Circle  of  Five,  for  one  foot  of  the  Compalfes 
placed  in  V,  and  extended  toP,  will  deferibe  the  Arch  5P  5,  for  the 
Hour-Circle  of  Five,  And  the  diftance  BV,  being  fet  upon  the  LineBK, 
on  theotheiTide  of  the  Meridian,  from  B  to  VII,  the  fame  extent  of  the 
Compalfes  as  before,  one  foot  being  placed  in  VII,  and  extended  to  P, 
will  deferibe  the  Circular  Arch  7  P  7?  for  the  Hour-Circle  of  Seven. — ■ 
And  in  this  manner,  if  you  lay  a  Ruler  from  P  to  4,  in  the  Line  R  H, 
it  will  cut  the  Line  B  K  in  IIII,  and  the  Point  IIII  will  be  the  Center 
whereby  to  draw  the  Hour-Circle  of  Four,  viz.  The  Arch  4  P  4.  And 
the  diftance  B  IIII,  being  fet  on  the  other  fide  of  the  Meridian,  fromB 
to  vIII,  fhall  there  give  you  the  Center  whereby  to  deferibe  the  Circle 

8  P  8,  for  the  Hour-Circle  of  Eight.- - And  in  the  fame  manner,  muft 

you  do  for  the  Hour  Circles  of  3  and  9. — 2  and  10. — i  and  1 1,  whofe 
Centers  \vill  all  be  in  the  Line  B  K,  extended  both  ways : — And  in  the 
fame  manner  as  the  H^hole  Hours  were  drawn,  fo  may  the  Halves,  and 
Quarters  be  drawn,  by  allowing  15  deg.  of  the  Tangent  Scale  for 

One  hour,  30  deg.  for  Two  hours,  Stc. - 7  deg.  30  min.  for  half  an 

Hour  ,  and  3  deg.  4 5  min.  for  One  quarter  of  an  Hour,  and  fetting  thofc 
diftances  upon  the  Line  RH,  and  afterwards  transferring  them  to  the 
Line  B  K,  as  you  fee,  done  in  the  Figure  of  the  Ptojeefion ;  you  fhall  have 

F  Centers 
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Centers  for  the  Halves  and  Quarters  of  Hours  alfo. — 'And  becaufe  the 
Centers  of  thofe  Hour-Circles  which  come  near  the  Mertdian,  as  the 
Houi  s  of  1 1  and  i,  and  the  ImHcs  and  quarters  between  them  and  the 
MeriMan,  falling  upon  the  Line  B  K  will  be  very  remote  and  beyond 
thcrcach  of  ordinary  Compaffes,  therefore  lor  the  defcnbingof  them, 
Artificers,  and  Other  Artifts,  have  an  Inftrument  which  they  call  a 

JLm,  by  which  they  draw  them  with  great  facility.  .  ■ 

-  .  • 

A  SjnopJis  of  this  Proje&ion. 

figure  The  Primitive  Circle  N  E  S  W,  reprefents  the  Horizon^ ;  wliofe  Latitude^ 
iil.  is  51  deg.  p  min. 

Z  is  the  Zenith. 

N  Z  S  the  Meridiart. 

W  Z  E  the  Prime  Vertical  Circle,  or  Azimuth  of  Eaft  and  Weft. 

V  the  Pole  of  the  World,  whofe  diftance  from  Z  is— the  half  Tangent  of 
38  deg.  28  min.  the  Complement  of  the  Latitude. 

W  iEE  is  the  Equino6fial,  whofe  Diftance  from  Zfcthe  half  Tan¬ 
gent  of  51  deg.  32  min.  '  ' 

C  the  Center  of  the  Eqaino8:ial  Circle,  whofe  diftance  from  JE  is  = 
the  Secant  of  38  deg.  28  min.  Or  from  Z  is=the  Tangent  of  38  deg. 
28  min.  the  Complement  of  the  Latitude. 

B  is  the  Center  of  the  Equinoftial  Colure  or  Hour  Circle  of  Six,WPE, 
whofe  diftance  from  P  is=thcSecant  of  5 1  deg.  3  2  min.  Or  fromZis= 
the  Tangent  0(51  deg:  32  min.  the  Latitude. 

The  Centers  of  the  Hour-Circles  are  all  found  in  the  Line  K  B  K.  ex¬ 
tended  both  ways,  as  is  fliewn  in  the  Defeription.  * 

.  I 

«  /  m 

V 

I  might  have  proceeded  farther  in  this  Projection,  by  fhewing.how 
to  inferibe  the  Trofteks,  the  Parallels  of  the  Signs,  or  of  the  Sun^s  De^ 
clination :  The  Eclipick,  the  Circles  of  Alt  it  u^,  and  Azimuth  Lines, 
with  others  relating  to  the  SmPs  Courfe ;  but  there  being  no  occafion  to 
make  ufe  of  them  in  this  place,  I  ftiall  referve  the  manner  of  inferting 
them  and  others  of  the  like  Nature  into  tliQ'  Projection,  becaule  it  will 
be  done  hereafter,  when  I  fhall  come  to  fiiew  the  rnanner  how  to  in¬ 
feribe  tliofe  Circles,  and  others  upon  Dial-Plains, - Let  it  fuffice 

therefore,  in  this  place,  that  I  fhew  how  to  re^refent  and  lay  down  up¬ 
on  the  Projection  any  Plain  upon  which  a  Dial  may  be'*  made,  and 
how  to  find  the  Centers  and  Poles  of  fuch  Plains  fo  deferibed :  And 
alfo  to  meafure  the  Sides  and  Angles  of  fuch  Spherical  Triangles  as  are 
upon  the  Projection:  But  firft,  it  will  be  requifite  that  I  give  you  an 
account  in  a  Ihort  Analyfis 
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CHAP.  III. 

Of  the  'Denominations  and  Situations  of  the  federal  forts  of 

plains  upon  which  Dials  are  ufually  made, 

* 

Dials  may  be  made  upon  any  plain  Superficies,  and .  all  plain 
Superficies  are  pofitcd  in  one  or  other  of  thefe  three  Pofitions, 
viz,  either  Furallely  Perpendicular^  or  Oblique  to  the  Horizon 
of  the  Place,  wherein  the  Plain  is  feated,  and  all  the  Hour-Lines  drawn 
upon,  any  Plain,  are  great  Circles  of  the  Sphere,  which  being  projeff- 
ed  upon  a  plain  Superficies,  become  Strait  Lines. 

Now  the  Art  of  Dialling  confifteth  chiefly  in  the  finding  out  of  thefe 
Lines,  and  their  true  diftances  from  each  other,  the  which  do  continu¬ 
ally  vary,  according  as  the  Plains  upon  which  they  are  defcribed,  or 
projefted,  are  fituated  in  refpeft  of  the  HORIZON  of  the  Place. 


■  I.  Parallel  to  the  Horizon,  as  is  the  Horizontal  (which  t 
call  Vertical)  Plain  only. 


Of  thefe 
Plains  there 
are  but  ^ 
Varieties, 
viz. 


2.  Perpendicular  tO') 
the  Horizon, andQ  which 
fuch  areallereclQ  be 
Plains.  Jeither 


I, Reclining  from/ 
the  Zenith  or  v and  thefe 
Inclining  to  (  arc  either 
the  Horizon. 


/North  and  South. 

'Direcl 

as  *)Mcridional,  or  EaR 
and  Weft. 


Or  Declining. 

North 

Direa^Eaft*' 


■Weft  J 


t  Declining 


Or 


Reclining 


.Inclining 


Now  in  the  making  of  particular  Dials,  which  are  in  number  25,  I 
reduce  them  to  17,  by  fupplyiiig  tht  Inclining  Plains  from  their  oppo- 
fite  Recliners,  as  being  indeed  the  fame. 

And- to  avoid  miftakes,  which  may  poflibly  arife  by  comparing  my 
Examples  with  other  Authors,  or  others  with  mine  ;  you  are  to  take 
notice.  That  I  denominate  all  my  Plains  front  the  fight  (or  theTofit  ons; 
of  their  Axis  in  the  Heavens,  and  not  from  the  Circles  of  the  Sphere  la 
which  they  lie.  Therefore. 


Tlrofi; 


PLAIN 


2d 


•S 

^  u 

*S  *C 

02  ei 
o  o 

S 

H 


■  Horizontal  ‘ 

‘Vertical 

•8 

Vertical 

Northp 

^Dircd 

tfi 

0 

0 

<  Meridian 

>Icall< 

South  j 

Eaft  p 

>Dired* 

’'S  a  * 

•M  (D 

*  Equinodial 

Weft> 

s 

Polar 

CS 

0 

Polar 

1 

^Equinodial 

<1> 

J  CQ  1 

South 

Eaft 


’•Points  of  the  Hovj 
►Points  of  the  Hor: 


Weft. 

Poles  of  the  World 
EciHwoBial  Circle. 


Again,  All  leaning  Plains  whether  dired  or  declining,  whofe  upper 
faces  behold  the  ^mth,  I  call  Reclmers^  and  the  neather,  or  under  laces 
of  them,  which  refpe^i,  or  look  down  to  the  Nadir ^  I  call  Inclmers, 

This  Diftin£tion  being  made,  the  Plains,  of  which  the  Examples 
following  are  given,  are  thus  denominated. 

1.  Vertical  or  Horizontal. 

2.  South  and  North  direft.  . 

2,  Meridian,  Or  Eaft  and  Weft  direft. 

^  _  ^Eaft 

A.  South  and  North,  declining^^  or 

2Weft 
r  Reclining, 

5.  Eaft  and  Weft  dire£lc  or  ^  • 

Inclining. 

6.  Equinoflial,  or  South  Reclining  or  Inclining,  to  the  Pole. 

7. p  '  •  rlefs  0 

>South  dire£l  Reclining  or '  Inclining^  ^than  the  Pole. 

8.  J  '  cmore^  • 

9.  Polar,  or  North  Reclining  or  Inclining  to  the  Equinoftial. 

10. p  ^  rlefs  -p 

^North  direct  Reclining  or  Inclining^  >than  the  Equino£l:iaL 

11. J  cmoreJ 

p  c  rRecliningp 

1 2. ^Equino£l:ial,or  South  Declin.  Eaft  or W eft^  ^to  the  Pole, 

i  (-Inclining  J 

ij.p  rabovep 

^South  Declin.  Eaft  or  W eft,  Reclin.  or  Inclining  ^  ^the  Pole. 

14. ^  ,  cunderi 

1 5.  Polar  or  North  decI.Eaft  or  Weft,  Red.  orincl.  to  the  Equator. 

^  North  decliningEaft  orW eft  ^the;  interfedion  of  the  Meri- 

y  Reclining  or  Inclining  "Sunder  j.  dian  and  Equator 
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C  H  A  P.  IV. 

Hoxv  to  defer ibe  upon  the  Projeftion,  any  Plain  mentioned  iri 
the  former  Chapter ;  and  to  find  the  Centers  and  Poles  of 
all  fuch  Plains. 

^  Plains  that  I  {hall  lay  down  for  Examples  upon  the  Erojelfioti 

j  in  this  place,  ilial.l  be  fuch  as  are  treated  of  in  the-following  Dii^ 
courfe  :  I  intended  to  have  laid  them  all  down,  but  finding  the  Diagram^: 
to  be  incumbered  with  multiplicity  of  Circles.,  Lines.,  and  Letters^  I  wilP 
content  my  lelf,  and  latisfie  the  Reader,  by  giving  an  Example  of  One 
of  each  Kjnd,  and  the  rather,  becaufe  ( when  I  come  to  delineate  and 
draw  the  Dial  from  the  Projeftion^  the  fame  (in  effect)  will  be  repeated 
again :  Therefore, 

Flrff,  "T\\q  Horizontal :  This  Plain  upon  the  PrejeHion  is  reprefent^  Figure 
ed  by  the  Primitive  Circle  thereof  viz,  W  N  E  S.  The  Center  HL 
and  Poles  whereof  are  in  the  Point  Z  the  Ifienith,  which  Point  is  90 
deg.  diftant  from  the  Plain  in  all  places  thereof,  and  lb  mufl:  the  Poles 
of  all  Plains  be. 

2.  The  Ereol  DireB  North  and  South  Plains,  are  reprefented  by  the. 

Line  W  Z  E ;  for  thefe  Plains  beholding  the  direft  North  orSouthPointsl 
the  Plain  it  felf  muft  needs  lie  in  the  Azimuth  of  Eajl  and  Wefi,  The,, 

Poles  of  the  Plain  are  N  andS,  which  Points  are  removed  from  the 
Plain  90  deg. 

The  South  EreB  Plain,  Declining  to  the  Wefi  35  deg.  To  deferibe  - 
this  Plain  upon  the ProjeBwn,  lake  3 5  deg.  out  of  the  Scale  of  Chords, 
and  fetthem  from  W  to  4,  and  from  E  to  a,  (becaufe  the  Plain  declines 
WeHrvard')  and  draw  the  Line  aT^a,  for  your  declining  Plain. — Then 
for  the  thereof,  take  90  deg.  out  of  tho.  Chord- Line,  and  fet  them 
from  4  to  h,  and  from  /  to  b,  both  ways  upon  the  Primitive  Circle,  fo 
fhall^^  be  the  two  Poles  of  the  Declining  Plain;  for, a  Line  drawn  - 
from  b  to  b,  would  cut  the  Plain  at  right  Angles  in  Z,  and  be  every 
where  90  deg.  diifant  from  the  Plain. 

4.  The  Dir eB  Well  Plain  Reclining  35  deg.  Take  35  deg.  the  Pf- 
clination,  out  of  your  Scale  of  Half  Tangents,  and  fet  tliem  from  Xtoc, 
towards  W,  (becaufe  it  is  a  Well:  Plain,  or  towards  E,  had  itbc-enaii 
Eaff  Plain)  fo  have  you. -three  Points,  N,  and  S,  through  which  to 

draw  the  Circle  N  £  S,  rcptelQntingyour  Reejining  Plain - Now  for 

the  Pole  of  this  Plain,  Takd  55  deg.  the  Complement  of  the  Reclina- 
tion,  out  of  your  Scale  of  Half  Tangents,  and  fet  it  from  Z  to  d,  upon  the 
Line  Z  E,  fo  fhall  d  be  the  Pole  of  the  Plain  N  cS.  And  for  the  Cen¬ 
ter  of  it,  take  the  Secant  of  55  deg.  the  Complement  of  the  Reciina- 
tion,  and  fet  them  from  c  upon  the  Line  cE  continued,  a^d  that  fhali 
give  you  the  Point,  upon  wliich  to  deferibe  the  Circle  N  f  S,  reprefent- 
ing  your  Reclining  Plain. 

5,  The  DtreB  South  Plain  Reclining  70  deg.  may  be  thus  inferred. 

Thz  Half  Tangent  0^  the  Reclination  70  deg.  fet  from  Z  to/,  fhall  give 
the  interfeclion  of  tho  Plain  w  ith  the  Meridian  :  And  the  bV^4/^/ of  20 

G  deg. 

I 
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deg.  (the  Complement  of  the  Reclination)  fet  from  f  tog^  fhail  give 
the  Center,  whereby  to  defcribc  the  Reclining  PlainWfE,  alfo ,  The 
Half  Tangent  of  20  deg.  (the  Complement  ot  the  Reclination')  fet  from 
Z  to  fliall  give  /?,  for  the  Pole  of  the  Plain, 

This  Plain  paifeth  between  the  Pole  and  the  Horizon, 

6.  The  North  direfl  Plain^  Reclining  70  deg.  may  be  thus  inferted  .* 
Take  the  Half  Tangent  of  the  Reclination,  70  deg,  and  fet  itfrom  Z  tom, 
alfo  take  the  HalfTangentoi  the  Complement  thereof,  20  deg,  and  fet 
it  from  Z  to  n,  fo  fliall  m  be  the  interfecfion  of  the  Plain  \yith  the  A/f- 
ridian,  and  n  the  Pole  thereof ;  and  the  Secant  of  the  Co-Reelination 
20  deg.  fet  from  m,  llmll  give  a  Point  a  little  above  P  ( the  Pole  of  the 
World)  for  the  Center,  w’hereby  to  defcnbe  the  R.eci^ning  Plain 

This  Plain  paffeth  between  the  Equinoctial  and  the  Horizon, 

7.  We  come  now  to  the  laying  down,  or  defcribing,  fuch  Plains  upon 
the  Projection,  as  do  both  Decline  and  Recline  ;  and  for  pur  Example, 
Let  us  take  a  South  Plain,  Declining  EaRward  3  o  deg.  and  Reclining  5  5 
degrees.  —  To  deferibe  this  Plain  upon  the  Projection,  — Take  the  De¬ 
clination  of  the  Plain  50  deg.  out  of  a  Scale  of  Chords,  and  fet  it  fromE 
to  D,  and  from  W  to  G  ;  alfo  fet  it  from  N  to  I,  and  from  S  to  L  ;  fo  fhail 
the  Line  D  G  reprefent  the  Bafe  of  the  Reclining  Plain  and  the  pricked 
Line  I L  the  Axis  thereof :  Now  the  Reclination  being  5  5  deg.  the  Half 
Tangent  thereof  fet  from  Z  to  s,  gives  the  point  of  the  Plain,  and  its 
Complement  3  5  deg.  fet  from  Xtot,  gives  the  of  the  Plain  •  and 
the  Secant  of  3  5  deg.  (the  Co- Reclination)  gwos  the  point  r,  for  the  Cen- 

.  ter  oftlie  Reclining  Plain  G  i  D :  The  which  Plain  paffeth  between  the 
Pole  and  the  Horizon,  , 

•  8.  The  laft  Example  fhail  be  of  a  North  Declining  Reclining  Plain, 

viz  North,  Declining  Wefi  60  deg.  and  Reclining  54.  deg.  For  the  de¬ 
fcribing  of  which  Plain  upon  the  ProjeSlicn ;  Take  60  deg,  the  Plain’s  De^ 
clination  out  of  a  Scale  of  Chords,  and  fet  it  from  E  to  M,  and  fromW 
to  O  and  draw  the  Line  M  O,  for  the  Bafe  of  the  Reclining  Plain  :  Alfo 
fet  60  deg.  from  S  to  Q ,  and  from  N  to  V,  and  draw  the  pricked  Line 
V  for  the  Axis  oi  the  Reclining  Plain.  The  Bafe  and.  Axis  being 
found.  Take  the  Reclination  54  deg,  out  of  Scale  of  HalfTangents, 
and  fet  it  from  Z  to  z,  for  the  Plain;  and  its  Complement  36  deg.  fet  from 
Z  to  £,  will  give  the  Pole  of  the  Plain,  and  the  Secant  of  theCo-RecIi- 
nation  36  deg.  being  fet  from  z,  upon  the  Line  Q  V,  wdll  give  the  Center 
whereon  to  deferibe  the  Plain  O ;  the  which  Plain  paffeth  between 
the  Equator  and  Horizon,  _  - 

Hovp  the  Pole  of  any  Great  Circle  deferihed  upon  the  Pro- 

je&ion  may  be  found. 

Figure  f  pricked  Arch  O  M  be  the  Arch  of  a  great  Circle  deferibed 

III,  I  .  upon  the  Projection  :  To  find  its  Pole,  Draw  a  Right  line  from 
tl^  two  points  where  the  Arch  toucheth  the  primitive  Circle,  as- 
rorn  die  Points  O  and  'M,  which  Line  O  M  (if  the  Arch  be  the  true 
Arch  of  a  great  Circle,)  will  pafs  through  Z  the  Center.  — From  M  or 

Vr  A  X  pricked  Line  V  Qcutting  the 

defcnbed  Arch  inthe^in:*.  —Then  lay  a  Ruler  from  Mto^  andic 
willcuttheprimitiveCirclemx,  fet  90  deg.  from  xto==,  and  a  Ruler 
.  '  '  laid 
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laid  from  M  to  will  cut  the  Line.  V  Q  in  fo  is  the  Pole  of  the 
i\rch  of  the  Great  Circle  O  ^  M:  And  in  this  manner  may  the  Pole  of 
the  Arch  of  any  Great  Circle  be  found : 


Note  here,  (becaufe  hereafter  there  will  be  often  occafion  for  it)  That^ 
if  the  Arch  of  a  Great  Circle,  whofe  Pole  you  feek,  do  pafs  thro\ 
P  the  Pole  of  the  World,  the  Pole  of  that  Circle  will  be  in  fome*^ 
part  or  other  of  the  iEquinodial  Circle  W  At  E. 


CHAP.  V. 

How  the  Sides  and  Angles  of  Spherical  Triangles  are  to  be, 
Meafured  upon  the  Projeftion* 

By  the  Interfecfion  of  thefe  Arches  of  Great  Circles  upon  the  Vro- 
jell  ion  are  conftituted  divers  Spherical  Triangles^  fome  Rights 
Angledy  fome  Quadrantal.^  and  others  Oblicpie- Angular-,  The 
Sides  and  Angles  of  all  which,  may  be  meafured  by  help  of  the  Scales 
of  Chords  Half  Tang  ents :  But  to  avoid  confufion  of  Letters  in  the 

Scheme,  I  will  make  choice  only  of  one  Right-Angled  Triangle,  namely, 
M  ^  E  Right-Angled  at  E, 

For  the  Right  Angled  Triangle  ISA  dE, 

I.  The<S/W^  ME,  is  meafured  by  taking  the  diftance  of  ME  in  your 
CompalTes,  and  applying  it  to  a  Scale  of  Chords^  fo  fhall  you  find  it  to  ' 
contain  6o'  deg. 

2.  The  Side  dEis  meafured  by  laying  a  Ruler  to  N  (the  Poleo^  the 
Circle  W  Z  ^  E)  and  the  point  which  Ruler  will  cut  the  Primitivt 
Circle  in  fo  the  diftance  S'  E,  meafured  upon  a  Scale  of  Chords^  will 
be  found  to  be  32  deg.  10  min.  for  the  Side  dE, 

The  Side  Md,  is  meafiired  by  laying  a  Rulet  upon  £  (the  Pole 
of  the  Circle  MdO)  and  the  point  d,  which  Ruler  will  cut  the  Primi- 
five  Circle  in  A,  the  diftance  A  M,  meafured  upon  the  Scale  of  Chords^ 
will  give  64  deg.  58  min.  for  the  Side  d  M. 

4.  For  the  Meafure  of  the  Angle  <^ME,  a  Ruler  laid  from  M  to 
(a  Quadrant  from  M)  will  cut  the  Primitive  Circle  inP :  and  the  di¬ 
ftance  P  Q  meafured  upon  a  Scale  of  Chords^  fhall  give  36  deg.’  for  the 
Angle  d  ME.  . 

5,  E ov  the  Angle  MdE^  or  its  Alternate  Angle' c  dO.,  equal  thereun¬ 
to,  lay  a  Ruler  to  the  Pole  of  the  Circle  M  ^O,  and  upon  d  (the  An¬ 
gular  pointj  it  will  cut  the  Primitive  Circle  in  A,  Then  fet  90  deg. 
from  A  to  T',  and  lay  a  Ruler  upon  a  and  r,  it  will  cut  the  Circle  M 
in  TT ;  A  Ruler  laid  from  d  (the  Angular  point)  to  tt,  will  cut  the  Circle 
in  B,  and  the  diftance  B  W  meafured  upon  a  Chc^d,  will  be  found  to  be 
72  deg.  54  min.  for  the  quantity  of  the  Af^gle  cdir,  equal  to  the 
Angle  M^/E. 
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CHAP.  VI. 

Of  the  Suns  Azimuth ,  how  to  find  it  at  any  time  (the  Sun 
Joining)  Geometrically,  Inftrumentally,  and  Arithme¬ 
tically 


WHat  the  Sun’i  Azimuth  is,  you  are  fhe.wed  in  the  foregoing 
lutroduliion ;  Our  bufinefs  here  is  to  find  it : '  This  work 
might  have  been  done  by  the  Projeciion  (and  that  fhall  be 
fhewed  hereafter  in  its  due  place)  but  the  Scheme  being  too  much  in- 
cumbred already,  I-fliall  fhew  other  ways  for  finding  it.  As,  .• 
Firfr,  Geometrically,  by  help  of  your  Scale  of  Chords,  &c. 

Secondly,  By  the  Scale  of  Sines  before  defcribed  :  And, 

1  hirdly.  By  Trigonometrical  Calculation. 


Before  the  Sun’s  Azimuth  can  be  found,  Three  things  mufl  be  given 
or  known,  Vtz. 

1.  The  Latitude  the  Place.  ^  ■ 

2.  The  Declination  of  the  Sun.  ?  ; 

The  Sun’i  Altitude:  Which  is  to  be  obferved  by  a  Quadrant  or 

other  Inftrument,  fo  often  as  you  have  occafion  to  find  the  Azimuth  y 
But  the  Latitude  is  alwayes  known  (or  given)  and  the  Declination  i^ 
(nearly)  fixed  to  the  time  of  the  Tear  ;  and  for  that  end,  I  have  iritlife 
Introduciion  inferted  two  Tables,  the  one  fhewing  the  Latitude  of  thje 
Cities, ‘Towns,  and  Principal  places  in  England,  Scotland,  ^Xi^lrelandy 
' —  The  other  of  the  SurPs  Declination  for  every  day  in  the  Teari : 

The  which  Tables  are  fubfervient  to  the  Work  of  this  'Chapter. 

(. 

And  now,  Having  the  Latitude  of  the  Place,  The  Declination  Tnd 
Altitude  of  the  Sun,  to  fnd  the  Azimuth.  I 


Figure 

I. 


4. 

I 

I 


I.  Geometrically  hy  Scale  and  Compafs. 

Aving  the  Latitude  of  your  Place,  and  the  Declination  of  the 
^  Sun,  and  the  Sun’/  Altitude  given,  you  may  find  the  Sun’/  Azi¬ 
muth.  So  the  Latitude  of  the  Place  being  51  deg.  32  min.  the  Decli¬ 
nation  of  the  Sun  17  deg.  56  min.  North  ,  and  the  Sun’s  Altitude 
^5  degrees;  the  Azimuth^  may  be  found  Geometrically  as  Tol- 
loweth. 

Firft,  with  60  deg.  of  your  Line  of  Chords  defcribe  the  Semicircle 
ADC,  and  upon  B  the  Center,  ereft  the  Perpendicular  B  D. 

Secondly,  Take  51  deg.  32  min.  the  Latitude  of  the  Place  out  of 
your  Line  of  Chords,  fet  it  from  D  to  E,  and  draw  the  Line  E  B,  re- 
prefcnting  the  Equinc6f:ial  Circle. 

'1  hirdly,  Out  of  your  Line  of  Chords  take  17  deg.  56’min.  the  Sun’s 
Declination,  and  (becaufe  it  is  Northward)  fet  that  diftance  upwards 
from  E  to  F,  (but  if  the  Declination  had  been  Southward,  you  mufi  have 
fet  it  downwards  from  E  to  R,)  and  draw  the  Line  F  G  parallel  to  BE, 
which  reprefents  the  Sun’s  parallel  for  that  time.  - 

Fourthly, 

w  7 


'  ■  ^  ‘  -  j£ 


m:  < : ; 


Wi2 


Jgain/l  jP(^e  2,^.  to  fold  out 
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Fourthly,  From  your  Line  of  Chords  take  3  $deg.  the  Sun’s  Altitude.^ 
and  fet  it  fi'om  A  to  H,  and  from  C  to  L,  and  draw  the  Line  H  K  L  for 
the  Line  of  the  Sun’s  Altitude. 

Fifthly,  Take  in  your  Compaffes  the  length  of  the  Line  K  L,  or 
K  H,and  with  that  diftance,  upon  the  Center  B,  defcribe  the  Semicircle 
MPN.  -  . 

Sixthly,  Upon  the  point  O  ( which  is  where  the  parallel  of  the  Sun’s 
Declination,  and  the  parallel  of  the  Sun’s  Altitude,  interfeT  each  other) 
ered  the  Perpendicular  O  P. 

Seventhly,  Lay  a  Ruler  from  B  to  P,  and  it  will  cut  the  Circle  in  0. 
and  draw  the  Line  P  Q. 

Laftly,  Take  the  diftance  from  C  to  Q,  and  meafuring  it  upon  your 
Line  of  Chords,  you  fhall  find  it  to  contain  73  deg.  56  min.  and  fo 
much  is  the  Sun’s  Azimuth  or  his  diftance  from  the  &uth  part  of  the 
Meridian,  at  the  time  of  Obfervation. 


I 


II.  By  the  Scale  of  Sines  upon  the  Ruler, 

LEt  the  Latitude^  Sun’s  Decimation.^  and  Altitude.,  be  the  fame  as  Figure 
before,  'uiz,  Lat,  51  deg.  32  min.  Declination  17  deg.  56  min.  u. 
Northy  and  the  Sun’s  Altitude  3  5  deg. 

Firjff,  With  60  deg.  of  your  Scale  of  Chords,  or  90  deg.  of  the  Scale 
of  Sines,  upon  the  point  defcribe  a  Semicircle  N  BS. 

Secondly,  Take  the  Sun’s  Declination  17  deg.  56  min.  froni  your  Scale 
of  Sines,  and  fet  it  from  the  point  to  ©  f  to  wards  N,  tht  Declination 

being  Northward,  or  towards  S,  if  it  had  been  Southward'), 


Thirdly,  Find  the  Sum  and  the  Difference 
between  the  Complement  of  the  Latitude, 
and  the  Complement  of  the  Altitude,  the 
4ium  of  them  is  93  deg.  -28  min. '  and  the 
Difference  is  16  deg.  32  min.  and  the 
Complement  of  the  Difference  is  73  deg. 
28  mioi 


Co.  Lat. 
Co.  Alt. 

38  d.  28  m. 

?5  00 

The  Sum 

'9? 

28 

Diffi, 

16 

52 

Co.  Diff. 

11 

28 

Fourthly,  Take  3  deg.  28  min.  fthe  excefs  of  the  Sum  above  90  deg) 
from  your  Scale  of  Sines,  and  fet  it  from  the  point  ^  towards  S,  namely 

at  A. - Alfo  take  73  deg.  28  min.  frpm  the  Scale  of  Sines,  and  fet  that 

diftance  from  the  point  towards  N,  at  the  point  D. 

Fifthly,  Take  in  your  Compaffes  the  diftance  between  A  and  D,and 
fet  it  upon  the  Semicircle  from  S  to  B,  and  draw  the  Line  N  B. 

Sixthly,  Take  in  your  Compalfes  the  diftance  between  D  (the  Differ 
rence)  and  ©  (the  point  of  the  Sun’s  Declination)  and  with  that  di¬ 
ftance,  fetting  one  foot  of  the  Compalfes  upon  the  Line  N  S,  move  it 
gradually  along,  till  the  other  foot  (being  turned  abouU  do  only  touch 
the  Line  N  B,  and  where  the  foot  of  the  Compalfes  (upon  thefe  condi¬ 
tions)  refteth,  fet  Z:  fo  fhall  the  diftance  E  Z,  meafured  u^x^n  the 
Scale  of  Sines,  be  found  to  contain  16  deg.  4  min.  And  fuch  is  the  Sun’s 
Azimuth  from  the  East  or  W efl  points  of  the  Horizon. - Which  be¬ 

ing  taken  from  90  deg.  leaveth  73  deg.  56  min.  for  the  diftance  ZS,the 

Sun’s  Azimuth  from  the  South, - Or,  90  deg.  being  added  theretOjiC 

H  will 
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%vill  gm  thedlftance  ZN,  namely,  io6  deg.  4  min.  andfuchis  tho'' 
Sun’s  Azimuth^  or  diftance  from  the  North, 


III.  3y  Trigonometrical  Calculation. 

17j-  i^he  Latitude y  J^scltn lotion  and  Altitude  be  as  before,  vis^, 

'  d.  m.  d.  m. 

Latitude - 51—327  r  3  8—28 

■Declination— 1 7—56 >  Complement  <^72—04 
Altitude - 35 — ooJ  ^55  00 

Their  Sum — 165—3  2 


Half  Sum  — 82 — 46  - 


The  difference  between  the  half  Sum 
and  the  Complement  of  the  Sun’s 

Declination. - 

Firft,  You  muft  add  the  Complement  of  the  Latitude,  the  Comple¬ 
ment  of  the  Declination,  and  the  Complement  of  the  Sun’s  Altitude, 
all  three  into  one  Sum,  and  they  make  165  deg.  3  2  min.  the  half  where¬ 
of  is  82  deg.  46  min.  and  the  difference  between  this  half  Sum  82  deg. 
46  min.  and  the  Complement  of  the  Sun’s  Declination  72  deg.  4  min. 
is  10  deg.  42  min. 

Being  thus  prepared,  the  Proportion  to  find  the  Sun’s  Azimuth  by  ‘ 
theTable  of  Sines,  will  be  as  followeth. 


'lo — 42 


(1)  As  the  Radius,  or  Sine  of  90  deg _ _ _ 10 — 000000 

.  is  to  the  Sine  Complement  of  the  Altitude  5  5  d _ 9 — 9 13364 

So  is  the  Sine  Complement  of  the  Latitude  3  8  d.  2  8 .  m. — 9—7  93852 

to  the  Sine  of  30  deg.  38  min.-: - 9 — 707196 

(2)  As  the  Sine  of  30  deg.  3  8  min _ _ 9 — 707 1 96 

is  to  the  Sine  of  the  half  Sum  82  d.  46  m. _ — * - 9 — 996529 

So  is  the  Sine  of  the  difference  lod.  42  m. _ _ 1 - 9 — 268733 

19 — 265262 

to  this  Sine - - - 9 — 558066 

To  which  add  the  Radius,  or  the  Sine  of  90  deg. - 10 — oocooo 

The  Sum  is _ 19 — 558066 

Half  this  Sum  is--— _ 9 — 77903  3 

Which  is  the  Sine  of  36  d.  58  m.  the  Complement  whereof  is  53  d. 
2  m.  the  double  whereof  is  106  d.  4  m.  v/hich  is  the  Sun’s  Azimuth^  or 
diffance  from  the  North  part  of  the  Meridian ;  And  this  1 06  d.  4  m.  be^ 
ing  taken  from  108  d.  Icaveth  73  d.  56  m.  for  the  Azimuth  from  the 

South 
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South  part  of  the  Meridian.  And  according  .to  either  of  thefe  ways 
you  may  find  the  Sun’s  Az,imuth^  at  any  time  of  the  day,  and  in  any  part 
of  the  World.* 


C  H  A  P.  ,  VII 


Of  the  Declination  and  Reclination  of.  Plains,  and  how  to 
find  their  quantities. 

Hat  a  Declining  and  Reclining  PUin  .iSy  we  have  defined  in 
the  foregoing  Chapter,  we  now  come  to  fhew  how  to  find 

the  quantity  of  their  Declination  or  Reclination, - Now,  a 

Declining  Plain  is  beft  reprefented  by  the  fide  M'^all  of  a  Church,  Houfe, 
or  other  upright  Edifice  or  Building,  which  doth  not  directly  behold  the 
true  Ea^,  Wefi,  North  or  South  points  of  the  Horizon  :  And  a  ReclL 
ning  Plain  is  belt  reprefented  by  theOutfide  of  the  Tiling  of  the  Roof  of 
a  Church,  Houfe,  Coaping  of  a  Wall,  &c. 

t 

Definition  OlV,  The  Reclination  of  a  Plain,  Is  the  quantity  of 

the  Arch  of  that  Vertical  Circle,  which  fajfeth 
through  the  Zenith,  and  cutteth  the  Reclining  Plain  at  Right  Angles. 


Definition  ^HE  Declination  of  a  Plain,  is  the  quantity  of  that 

J|  Arch  of  the  Horizon,  which  is  comprehended  be¬ 
tween  the  true  North  or  South  points,  and  a  Line  drawn  Perpendicular 
to  the  Plain.  Or, 

It  is  the  quantity  of  that  Arch  of  the  Horizon,  which  is  intercepted  be¬ 
tween  the  true  Eaft  Weft  points,  and  the  Plain  it  felf, 

L  How  to  find  the  Reclination  of  a  Plain. 

Praclice.'Y  ET  A  B  C  D  being  the'  Roof  of  the  Building  PER  X,Te-  Figure 
I  j  prefent  a  Reclining  Plain,  Firfi:,  Draw  thereon  an  Hori-  HI, 
zontal  Line  as  EF,  which  you  may  do  by  ,help  of  an  ordinary  Level, 
or  by  applying  a  Ruler  to  the  Plain,  and  letting  One  hold  the  Ruler  fo 
to  the  Plain,  till  you  find,  by  the  edge  of  a  Quadrant  applied  to  the 
Ruler,  the  Line-2.\\6.  Plummet  to  fall  juft  upon  the  edge  thereof,  as  in 
the  Figure:  Then  draw 'a  Line  by  the  fide  of  the  Ruler,  as  EF, 
and  that  fhall  be  the  Horizontal  Line  of  the  Reclining  Plain  A  B 
CD.  ' 

To  this  Horizontal  Line  E  F,  draw  another.  Line  Square  (or  at  Right 
Angles^  thereunto,  as  the  Line  GH;  to  which  Line  apply  the  fide  of 
a  Ruler  yilA,  and  towards  that  end  which  hangeth  over  the  Plain^ 
as  at  N,  apply  the  fide  of  a  Quadrant,  letting  the  Plummet  hang 'at 
free  liberty,  to  play  by  the  fide  of  the  Quadrant,  and  when  it  refteth, 

thq  Thread  falleth  upon,  for  thofe 
s  Reclination, 


note  what  degrees  oi  the  Quadrant 
degrees  are  the  quantity  of  the  Plain'* 
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'  II.  To  find  the  Declination  of  a  Plain. 

Figure  taking  the  of  a  Plain^  Two  Obfervatiom  ^vq  to  be 

I  ^made  by  the  Sun,  both  which  ought  to  be  done  at  the  fame  mo- 
t^nt  of  time,  or  as  neer  together  as  may  be  *  The  Firft,  is  to  find 
the  Horizontal  dijlance  of  the  Sun  [from  the  Pole  of  the  Plain  :  And 
is  called  the  Horizontal  Dijlance.  The  other  is  the  Sun’s  Jltitude^ 
thereby  to  find  his  Azimuth, 

1 .  For  the  Horizontal  Diftance. 

LetPQRS  be  an  Vpright  Plain,  whofe  Declination  is  VQquired:: 
Firft  By  help  of  a  Level,  or  by  your  Quadrant,  draw  an  Horizontal 
jL/>  upon  the  Plain,  as  the  Line  TV,  unto  which  apply  one  fide  of  a 
Quadrant,  fo  that  the  Limb  of  the  Qiudrant  may  be  towards  the  Sun ; 
Then  holdinc^  a  Thread  and  Plummet  at  full  liberty  by  the  LimPs  fide , 
fo  that  the  jhadow  of  the  Thread  may  pafs,  both  through  the  Center  and 
the  Limb  of  the  Quadrant :  And  obferve  then  what  number  of  De¬ 
grees  are  cut  off  by  the  Jhadorv  of  the  Thread,  and  number  them  from 
that  fide  of  the  Quadrant  that  ftandeth  fquare  for  Perpendicular) 
to  the  Plain;  for  thofe  Degrees  are  the  HorizSontal  Dijlance  requi¬ 
red. 

i.  For  the  Suns  Altitude. 

» 

At  the  fame  iiiftant  of  time  that  you  obferved  the  Horizontal  Di¬ 
jlance,  the  Sun^s  Altitude  fhould  have  been  obferved  alfo,  which  could 
not  be  done  but  by  two  Obfervers ;  wherefore,  let  them  be  obferved 
as  neer  together  as  may  be.  ■  ' 

To  take  the  Altitude  of  the  Sun,  you  muff  take  the  Quadrant  in 
both  your  hands,  laying  your  right  hand  fomewhat  neer  that  fide  that 
hath  the  Sights,  and  your  left  hand  towards  the  other  fide,  by  which 
means  you  may  let  it  Hip  lower,  or  raife  it  higher,  as  occafion  requires : 
Then  turning  the  left  fide  of  your  body  to  the  Sun,  move  the  Quadrant 
up  or  down,  till  the  Sun  fhining  through  that  Sight  which  is  next  the 
Center  of  the  Quadrant,  do  cafl:  his  Ray  or  Beam  of  Light  upon  the 
hole  of  the  other  Sight,  (the  Thread  a.nd  Plummet  (all  this  while)  hanging 
at  free  liberty)  and  then  look  in  the  Limb  of  the  Quadrant  what  De¬ 
grees  and  parts  of  a  degree,  the  Thread  cutttth  ;  for  thofe  degrees  are  the 
decrees  of  the  SunL  Altitude  at  that  time. 

^  By  help  of  the  Sun’s  Altitude,  the  Sun’s  Azimuth  may  be  found. 

- - -Then  by  comparing  the  Sun^s.  Azimuth  and  the  Horizontal 

Diftance  (before  found)  together,  the  Plain's  Declination  may  be 
obtained,  by  the  Rules  following. 

When  you  make  your  Obfervation  of  the  Sun’s  Horizontal  Diftance 
from  the  Perpendicular  of  the  Plain,  Mark  whether  the  Shadow  ol  the 

Thread 
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Thread  do  fall  between  the  South  Point  of  the  Horizon.,  and  that  fide  of 
the  Quadrant  which  is  Perpendicular  to  the  Plain.  For, 

Rule  I.  If  the  Shadow  fall  between  them,  then  the  Horizontal  Di~ 
fiance  and  Azmuth  added  together,  do  make  the  Declination  of  the 
Plain :  And  (in  this  Cafe')  the  Declination  of  the  Plain  is  towards  the 
fame  Coaft  whereon  the  Sun’s  Azimuth  is:  That  is, 


^  If  the  Obfervation  be  made  in  the  Forenoon.,  when  the  Sun  is  Eafi- 

ward  of  the  Meridian,  the  Plain  Declineth  Eafiward:— - But 

it  the  Obfervation  be  made  in  the  Afternoon,  when  the  Sun  is  ]Vefi~ 
ward  of  the  Meridian,  The  Plain  Declineth  Wefierly. 


Rule  II.  If  the  Shadow  fall  not  between  the  South  Point,  and  >  that 
fide  of  the  Qtiadrant  which  is  Perpendicular  to  the  Plain,  then  the 
Difference  between  the  Sun’s  Azimuth  and  the  Horizontal  Distance  is 
the  Declination  of  the  Plain :  And  if  the  Azimuth  be  the  Greater  of 
the  two,  then  the  Plain  Declineth  to  the  fame  Coafi  whereon  the 
Sun  is.  That  is, 

^  It  Declineth  Eafiward  if  it  be  in  the  Forenoon,  or  Wefiward  if  in 
the  Afternoon, 

But  if  the  Azimuth  be  Leffer  than  the  Horizontal  Difiance,  then  the 
Plain  declineth  to  the  Coafi:  contrary  to  that  the  Sun  is  on.  That  is, 

%  The  Plain  declineth  Wefi,  if  the  Obfervation  be  made  in  the  Fore- 
noon :  But  East  if  in  the  Aft^noon, 

^  And  here  it  is  to  be  further  Noted,  That  the  Declination  of  any 
Plain  found  by  thefe  Rules,  is  always  accounted  from  the  South  ; 
And  that  all  Declinations  are  accounted  from  the  North  or  South 
towards  the  Fall  or  W eft,  and  muH  never  exceed  go  degrees. 

Therefore, 


1.  If  the  number  of  degrees  of  Declination,  do  exceed  90,  youmufi 
fubftraft  it  from  180,  and  the  refidue  fhall  be  the  Declination  of  the 
Plain  from  the  North, 

2.  If  the  number  of  degrees  of  Declination  exceed  180,  then  the 
number  of  degrees  above  180,  gives  the  P lairds  Declination  from  the 
North,  and  it  is  towards  that  Coaft  (either  Eaft  or  JVefiJ  which  is  con¬ 
trary  to  the  Coafi  upon  which  the  Sun  was  at  the  time  of  Obfervation, 

_  r 

For  the  farther  Explanation  of  thefe  Rules  (Examples  being  more 
fatisfaffory  than  bare  Precepts)  I  fhall  here  infert  two  Obfervations 
made  upon  two  feveral  Plains  at  the  fame  time,  viz, 

•s 

Upon  the  2  5d  of  Augufi  in  the  Morning,''  I  came  to  the  Plain  PQ^RS,  Figure 
and  applying  my  Quadrant  thereto,  and  holding  up  a  Thread  and  Plum-  HI. 
met  by  the  Tide  thereof,  I  found  the  Horizontal  Difiance  to  be  61  deg. 

equal  to  the  Angle  bac  in  the  Quadrant - At  the  fame  time  (as  near 

as  I  could)  I  went  to  the  other  Plain  KLOX,  and  thereto  I  applied 

I  my 
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^  my  Ouadrant,  as  in  the  Figure,  and  found  the  Horizx)ntd  Diftance  to 
be  1 7  decT.  In  the  mean  time  that  I  was  taking  the  two  Harizomd  Di¬ 
fiances,  an  Alliftant  obferved  the  Sun’s  Altitude,  from  whence  I  com- 
'  puted  the  Sun’s  Az^imuth,  and  found  the  Azimuth  to  be  68  deg.  Eafierlj 

of  the  South,  ' 

Having  thefe  Notes  of  Obfervations,  I  compute  the  Decimations  as 

followeth ; .  , 

Ekure  Fitfl:,  For  the  Plain  PQ^RS.  Upon  a  piece  of  Paper  \yith  6o  deg-. 
lY  of  a  Scale  of  Chords,  defcribe  upon  the  Center  o,  a  Semicii  cle,  acb, 
and  becaufe  the  Horizontal  difiance  was  6i  deg.  fet  6i  deg.  upon  the  Se¬ 
micircle  (^the  fame  way  you  obferved  the  Sun  to  be)  from  c  to  d,  and 
draw  the  Line  o  o,  for  the  Line  of  the  Sun’s  Azimuth,  Then  the 
Sun’s  Azimuth  being  68  deg.  Eaftward  of  the  South,  take  68  deg.  and 
fet  them  from  d  Southwards  to  S,  and  draw  the  Line  o  S,  for  the  Me* 
ridian  Line,  By  your  Scheme  you  fee  that  the  Line  of  Shadow,  odQ>, 
does  not  &11  between  S  ('the  South  point)  and  o  c  (the  fide  of  the  Qua* 
dr  ant  which  was  Perpendicular  to  the  Plain)  therefore,  by  the  Se* 
eond  Rule,  The  difference  between  the  Sun*s  Azimuth  and  the  Horizon¬ 
tal  Difi^nce,  muft  be  the  Declination  of  the  Plain:  Wherefore  fubfiraB 
6 1  the  Hor,  difi,  Lorn  68  the  Azimuth',  the  difference  is  7. deg.  which 
is  the  Plaints  Declination,  And  by  the  fame  Second  Rule,  becaufe  the 
Azimuth  was  greater  than  the  difiance ;  the  Plain  declines  to  the  fame 
Coafi  on  which  the  Sun  was,  namely,  Eafiward,  it  being  before  Noon, 
And  fo  it  doth  appear  by  the  Scheme,  for  22  deg.  (the  Complement  of 
68  deg.  the  Azimuth  from  the  South)  bsing  fet  EaHward  from  d,  will 
give  F  tire  Eafi  Point,  and  the  Line  0  E,  will  be  the  Easi  and  Wefi 
Line  :  So  that  by  your  Scheme  alfo  you  may  fee  that  the  Plain  lies  open 
to  the  South  and  the  Eaft,  and  the  Quantity  of  Declination  is  the  Arch 
S  c,  or  E  b,  either  of  which  are  7  deg. 

Figure  .Secondly,  For  the  Plain  KLOX.  Upon  a  piece  of  Paper 
y,  with  60  deg.  of  the  Scale  of  Chords*  upon  r  as  a  Center,  defcribe  a  Se¬ 
micircle,  mp  n,  and  becaufe  the  Horizontal  difiance  was  17  deg.  fet  17, 
deg.  upon  the  Semicircle  as  you  found  it  to  be  by  Obfervation,  from  f 
to  h,  drawing  the  Line  r  @  for  the  Line  of  the  Sun^s  Azimuth,  then  the 
Azimuth  being  68  deg.  from  the  South  Eafierlj,  fet  68  deg.  Southerly 
ffom/>  to  S,  and  draw  r  S  for  the  Meridian  Line,  and  fet  22  deg.  (the 
Complement  of  the  Sun’s  Azimuth  to  90)  from  h  towards  the  Eafi,  at 
E,  and  draw  the  Line  r  E  for  the  Azimuth  of  Eafi,  Now  by  the 
Scheme  you  fee,  that  the  Line  of  Shadow  falls  between  the  South  foint 
and  rp,  the  fide  of  the  Quadrant,  which  was  Perpendicular  to  t\\Q  Plain  ; 
therefore,  by  the  Firfi  Rule,  the  Horizontal  diUance  and  Azimuth  ad¬ 
ded  together,  do  make  tlie  Declination  of  the  Plain',  Wherefore 
68  the  Azimuth  and  17  the  Horizontal  difiance,  added,  do  make 
0  5  deg.  for  the  Declination  of  the  Plain ;  and  by  the  fame  firfi  Rule,  tlie 
Declination  IS  Eafierlj,  it  being  towards  the  Jame  Coafi  the  Sun  was 
on .  And  fo  it  appears  to  do  by  your  Scheme  alfo^  the  Plain  beholding 

A  The  and  Wefi  failing  behind  the  Plain. 

And  thus  have  you  feveral  ways  to  find  the  Sun’s  Azimuth,  and  con- 
^quently  a  Meridian  Line,  But  before'I  conclude  this  Chapter,  I  wHl 
Ihewyou  an  exaa  and  accurate  way. 


How 
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How  to  find  a  true  Meridian  Line.,  in  any  Latitude^  without  knowing 
the  Sun'^s  Declination^  or  finding  of  his  Azimuth :  By  help  of  three 
Shadovps  cafl:  by  a  Gnomon  ere6led  upon  an  Horizontal  Plain ;  and 
three  Altitudes  of  the  Sun  taken  at  the  fame  times. 

In  feme  convenient  Place  upon  an  Horizontal  Plain  funto  which  the 
Sun  may  have  free  accefsj  ere6l  a  Gnomon  for  wyre^  of  convenient 
length,  perpendicular  for  at  Right  Angles)  to  the  Plain,  • 

The  Plain  thus  prepared ;  At  any  three  times  in  the  fame  day, 
mark  upon  the  Plain  where  the  Shadows  of  the  Gnomon  cafteth ;  And 
at  the  fame  three  times,  take  three  feveral  Altitudes  of  the  Sun ;  which 
fet  down  upon  each  Shadow, 

Then  through  the  three  fi-omtheloot  ohliQ  Gnomon.,  draw  ‘ 

three  Right  Lines  of  fufficient  length :  And,'  from  your  Scale  of  Half.. 
Tangents,  take  the  Complements  of  the  Sun’s  Altitudes  (as  you  found 
them  to  be,  at  the  times  you  obferved  the  Shadows')  and  fet  them  up¬ 
on  their  refpedive  lines  of  Shadow,  from  the  foot  of  tlie  Gnomon :  So 
fhall  you  have  three  Points  upon  your  Plain,  through  which  fby  the 
XI  Prohl,  of  the  Introduliion)  deferibe  a  Circle. 

Laftly,  A  Right  Line  drawn  through  the  Center  of  this  Circle,  and 
the  foot  of  the  Gnomon,  fliall  be  a  true  Meridian  Line, 

Note,  It  matters  not  whether  thefe  thrie  Obfervations  Le  made  all  pf  them 
before  or  after  Noon  j  or  fome  before  and  others  after  Noon, 


CHAP.  VIII. 

$ 

How  to  know  which  of  the  Poles,  whether  the  North  or 

*  South  is  to  be  Elevated  abo^e  any  Dial-Plain ;  whether 

Dired  or  Reclining,  or  both  Reclining  and  Declining. 

♦ 

The  Axis  or  Stile  of  every  Dial  lies  Parallel  to  the  Axis  of  the 
World,  and  therefore  the  two  ends  of  the  Stile  of  every  Dial 
do  diredly  refped  the  two  Poles  of  the  World:  And  there¬ 
fore  if  the  South  Pole  be  elevated  upon  any  Dial  Plain,  a  Dial  made 
on  the  backfide  of  that  PlAn,  will  have  the  North  Pole  Elevated :  And 
hereafter,  that  no  doubt  may  arife  concerning  which  Pole  muft  be  Ele¬ 
vated  above  any  Plain  ;  take  thefe  few 

General  Rules, 

I,  Upon  the  Horizontal  Plain,m  North  Latitude  the  North  Pole,  but 
in  South  Latitude  the  South  Pole  is  Elevated. 

2.  Upon  all  Ered  Plains,  whether  pireB  or  Declining:  If  the  Plain 
lie  open  to  the  South,  the  South  Pole  is  Elevated ;  but  if  it  beltold  the 
North,  the  North  Pole  mufl:  be  Elevated. 

•  . 


Upon 
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3.  Upon  all  Dii'e^l  EaH  or  Weft  Plains^  Reclmwg  ("how  far  foever) 
the  'North  Pole  is  Elevated ;  and  upon  the  Eaft  and  W eft  hclimrs,  oppofite 
to  them,  the  South  Pole, 

4.  Over  all  North  Reclining  Plains^  (whether  Direct  or  Declining) 
the  North  Pole  is  Elevated ;  and  over  the  Inclining  Plains^  oppofite  to 
them,  the  South  Pole, 

Laftly,  Over  all  South  Reclining  Plains,  wliether  Direa  or  Declining 
[If  the  plain  pafs  between  the  Zenith  and  the  Pole]  the  Axis  of  th^Stue 
mufl:  have  refpefl  to  the  South  Pole ;  and  on  the  Inclining  Plains,  oppo¬ 
fite  to  them,  th&  North  Pole,- - But,  [If  the  Plain  pafs  between  the  Ho¬ 

rizon  and  the  Pole]  the  North  Pole  ;  and  on  the  Incliners  oppofite  to 
them,  the  South  Pole, 


Figure 

I. 


F 


CHAP.  IX. 

To  Bravo  the  Hour  Lines  u^on  a  Vertical  {commonly  called 
Horizontal )  Plain. 

_  • 

1.  From  the  Projeftion. 

llrfi:,  Draw  a  right  Line  NS,  for  the  Meridian,  and  Hour-Line  of 
1 2,  and  crofs  it  with  another  E  W,  for  the  Hour-Line  of  Six,  at 
right  Angles  in  Z ;  And  upon  Z,  as  a  Center  defcribe  a  Circle 
E  N  W  S,  reprefenting  tht  Horiz,on  of  London,  ivhofe  Latitude  is  51  d.- 
32  m.  and  alfo  this  Dial-Plain,  Within  this  Circle  Project  the  Sphere 
according  to  your  Latitude,  as  is  before  taught,  then  fhall  the  feveral 
Hour-Circles  touching  the  Plain  of  the  Horizon,  give  you  Points  to 
draw  the  Hour-Lines  upon  your  Dial-Plain  by :  So  that  a  Ruler  laid  to 
Z,  and  every  of  the  Points  i,  2, 3,  &c,  1 1.  10.  9,  &c.  Where  thtHour 
Circles  touch  the  Horizon,  if  you  draW  ftraight  Lines  thereby,  they  fhall 
be  the  true  Hour-Lines  for  your  Vertical  ( or  Horizontal)  Dial, 

For  the  making  of  an  Horizontal  Dial ,  there  is  nothing  required 
to  be  known,  but  the  Latitude  of  the  Place,  equal  to  which  mufi:  the 
height  of  the  Stile  be ;  wherefore  take  5 1  deg.  3  2  min.  out  of  your  Scale 
of  Chords,  and  fet  them  upon  the  Horizon  from  S  to  A,  and  draw  a 
Line  Z  A  for  the  Stile,  The  Subfile  (upon  which  t\it^Stile  ftandeth) 
in  all  Horizontal  Dials  is  the  Meridian  or  Hour  Line  of  12  ;  and  fo  is 
the  Dial  finifhed. 

II.  By  Trigonometrical  Calculation, 

There  is  nothing  required  to  be  found  in  this  Dial  by  Calculation,  ex¬ 
cepting  the  Hour-Diftances  from  the  Meridian-,  for  which  this  is  the 
Proportion.  -  •  • 

As  the  Sine  of  90  deo-. 

Is  to  the  Sine  of  the  Latitude. 

SoistheT^gent  of  each  Hour’s  Equinoftial  Diftance  from  the  Merid. 

To  the  Tangent  of  that  Hour’s  Diftance  upon  the  Plain. 

Where 


V/* 
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•  $ 
Wherefore,  having  prepared  o' Table,  and  placed  the  Hours  from 
Noon  in  the  F/>/  Column.^  and  the  Equ'mohUl  Dtfimces  proper  to  them 
in  the  Second  Column  (allowing  15  deg.  to  one  Hour,  50  deg.  to  2 
Hours,  &c^  as  you  fee  here  done,  then  work  your  Proportion  as 
followeth. 

As  the  Radius  90  deg.  ♦  10*000000 


To  Sine  of  the  Latitude  5 1  deg.  3  2  min.  9.89^  544 

So  the  T ang.  of  1 5  deg.  the  firft  Hour’s  Equi.  Diftance.  '  9.428052 

To  Tang,  of  1 1°  5 1'  the  firft  Ho.  Dift.  on  the  Plain,  9.3  21 596 

And  doing  thus  for  every  Hour’s 
Equinoftial  Diftance,  you  Ihall  pro¬ 
duce  fuch  Hour-Diftances  as  you 
find  in  the  third  Column  of  the  Ta- 
blci  Which  Diftances  being  taken 
out  of  a  Line  of  Chords, and  fet  upon 
the  Plain  from  S,  will  give  the 
Points  I,  2, II,  iq,  9,C^f.  as 
'  before ;  for  between  S  and  1 1  or  i, 
you  fhall  find  1 1  deg.  5 1  min.  from  ^ 
S  to  10  or  2,  24  deg.  1 9  min.  &c. 

And  thus  have  you  two  ways, 
'viz,  A  Geometrical  or  Proje^ive 
way,  and  an  Arithmetical  or  CaL 
culatory  way  to  make  your  Dial^  demonftrating  one  another.  And  in 
this  order  I  fhall  proceed  in  all  other  Plains. 


¥ 

Hours  from 
Noon. 

Equinoftial 

Diftances. 

D.  M. 

Hour  Di- 
ftances  on 
the  Plain. 

D.  M. 

12 

II  1 

10  2 

9  ? 

8  4 

• 

0  0 

15  0 

30  q 

*45  0 

60  0 

75  0 

90  0 

0  00 

II  51 
24  19 

38  3 

53  36 
71  6 

90  0 

CHAP.  X. 

How  to  Hefcribe  the  Hour-Lines  upon  an  EreS  Dire&  South 
or  North  Plain. 

I.  jBj  the  Projefliion. 

HAving  drawn  a  right  Line  N  S  for  the  Meridian  or  Line  of  1 2,  Figure 
and  another  at  right  Angles  thereto,  as  E  W  for  the  Horizon- 
tal  Line  of  the  Plain,  eroding  each  other  in  the  point  Z.  Up¬ 
on  Z  as  a  Center,  deferibe  a  Circle  N  E  S  W,  reprefenting  the  Hori¬ 
zon  of  London y  and  therein  Project  the  Sphere,  Which  done,  your 
next  work  will  be,  to  draw  a  line  upon  your  Projection.,  which  fhall 
reprefent  your  Plain,  {_And  here  Note,  That  all  upright  Plains  are  repre-> 
fented  upon  the  Projeftion  by  fir  eight  Lines  C]  Now  an  Ere£l  Direft  Plain, 
which  beholdeth  the  South,  muft  needs  lie  in  the  Azimuth  Circle  of 
Eafi  and  Wefi ;  therefore,  a  right  Line  drawn  from  E  to  W,  fhall  re¬ 
prefent  your  Plain. 


K 


Having 
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Having  drawn  your  upon  the  your  firft  work  will 

be  to  fin'd  the  Foie  thereof:  And  here  you  are  to  Note,  That  [The 
Pole  of  every  Dtrecl  FUin^  rvheiher  Erect  or  Reclining,  is  removed  90 
de^.  from  the  Plain  it  felf;  and  that  every  Plain  hath  two  Poles^  and  a. 
Line  betn^  drawn  from  one  to  the  other ^  will  cut  the  Plain  at  Right  Angles 
Now  thi^s  Plain  E\V,  lying  in  the  Azimuth  of  Eaft  and  Weft,  the 
Poles  thereof  mud:  lie  in  the  Azimuth  of  North  and  South;  fo.  that 
N  is  the  Pole  of  the  North  face  of  this  Plain,  and  S  of  the  South  Face, 
either  of  which  Poles  are  removed  90  deg.  from  the  Plain  ;  and  a  Line 
drawn  from  one  Pole  to  the  other,  will  cut  the  Plain  at  Right  Angles 
in  Z. 

The  next  thing  to  be  found  is  the  Elevation  of  the  Pole  of  the  World 
above  the  Plain.  Now  [T//e  Elevation  of  the  Pole  above  all  dir  eel  Plains^ 
is  an  Arch  of  the  Meridian  intercepted  between  the  Polq  and  the  Plain^  and 
never  exceedeth  90  degl]  Now  P,  the  Pole  of  the  World,  is  elevated 
above  this  Plain  E  W,  the  quantity  of  the  Arch  of  the  Meridian  ZP.*' 
To  find  the  quantity  whereof.  Take  the  diftance  Z  P  in  your  Com- 
paffes,  and  meafure  it  upon  your  Scale  of  Half  Tangents,  and  you  fhall 
find  it  to  contain  38  deg.  28  min.  equal  to  the  Complement  of  the  La¬ 
titude,  and  fo  it  ouglit  to  be.- - Or,  if  you  have  not  a  Scale  of  Half 

Tangents,  you  may  find  it  thus:  Lay  a  Ruler  to  Band  P,  it  will  cut 
the  Circle  in  a,  the  diftance  between  W  and  a,  meafured  upon  the 
Chords,  will  be  found  38  deg.  28  min.  as  before. 

I'he  Third  thing  to  be  found  is  the  Hour-diftances  upon  the  Plain: 
To  do  which,’ 

Lay  a  Ruler  to  N  (the  Pole  of  the  Plain)  and  to  the  feveral  Points 
I,  2,  3,  &c.  II,  10, 9,d"c.  wherethehour-CirclesofthePriyVc?/^?»docut 
the  Plain,  and  where  the  Ruler  cuts  the  Primitive  Circle,  make  fmall 
marks,  pr  So  Lines  drawn  from  the  Center  Z ,  through  thofe 
marks  or  fliall  be  the  true  Hour-lines  upon  your  Dial  Plain. 

The  height  of  the  Pole  above  the  Plain  being  found  to  be  38  d.  28  m. 
take  thofe  degrees-  from  a  Scale  of  Chords,  and  fet  them  from  S  to  B, 
and  draw  a  Line  Z  B  for  the  Stile,  which  mull:  hand  upon  the  Meridian, 
and  on  the  South  face  mull  point  downwards  to  the  South  Pole,  and 
on  the  North  face  upwards  to  the  North  Pole ;  as  in  Eig.  II,  III. 

II.  By  "TngonomttnQdX  Calculation. 

There  is  no  more  of  Calculation  in  this  Dial,  than  there  was  in  the 
Horizontal,  namely  the  Hour-di- 
ftances  upon  the  Plain :  For  in  thefe 
direft  North  and  South  Dials,  the 
Complement  of  the  Latitude  is  ever¬ 
more  the  height  of  the  Pole  above 
the  Plain,  as  appears  by  the  Proje- 
6Iion  :  Wherefore,  prepare  a  Table 
•  (as  in  the  former  Dial )  and  “  then 
the  Analogie  or  Proportion  for  the 
Hour-diftances  will  be  this,  little 
differing  from  the  former,  only  in- 
llead  ofTatitude,  life  Co- Latitude. 

So. 


Hours  from 
Noon. 

Equinodial 

Diftances. 

D.  M. 

!  Hour-Di- 
Itances  on 
the  .^Jain. 
D.  M* 

12 

0 

0 

0 

00 

1 1  I 

15 

0 

9 

28 

10  2 

'  0 

19 

45 

9  8 

45 

0 

5? 

8-  4 

60 

0 

47 

8 

7  5 

.75 

0 

66 

42 

6 

90 

0 

90 

0 

As 


y 
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As  the  Radius,  90  deg. 

To  the  Co-Sine  of  the  Latitude  (or  heighth  of  the7  ^ 
Pole  above  the  Plain)  58  deg.  28  min.  S 

So  is  the  Tang,  of  1 5  d.  the  firfi:  Hour’s  Equ.  dift. 

To  9  d.  28  m.  the  firfi:  Hour’s  diftance  upon  the  Plain. 


1 0.00000 


9.79585 

9.42805 

9.22188 


For  the  North.  Dial. 

1.  Upon  the  Dial  Plain,  draw  an  obfcure  down-right  Line  N  S,  re-' 
prefenting  the  Meridim.,  or  1 2  a  Clock  at  Midnight. —  About  the  niid- 
die  thereof,  as  at  Z,  drjiw  a  right  Line  perpendicular  thereunto,  as  the 
Line  E  Z  W  for  the  Hour-line  of  VI. 

2.  With  60  deg  of  your  Chord  defcribeupon  the  Center  Z,  the  Cir¬ 
cle  E  N  W  S,  and  taking  38  deg.  30  min.  out  of  the  Line  of  Chords, 
fet  them  from  N  to  A,  and  drav/  the  Line  Z  A  for  the  Stile  of  your 
Dial. 

Now  becaufe  this  Dial  looketli  towards  the  North  part  of  the  Meri^ 
dUn.,  to  which  in  thefe  middle  Latitudes  without  the  Tropicks,  the 
Su/i  never  cometh,  therefore  mufl:  the  Hours  about  Midnight  be 
omitted,  as  9, 10, 1 1  and  1 2  at  Night,  and  i,  2  and  3  in  the  Morn¬ 
ing  j  So  that  this  Dial  is  capable  only  of  the  Hours  of  4,  5,  6,  7, 
aifd  8  in  the  Morning,  and  of  4,  5, 6, 7,  and  8  in  the  Evening. 

3.  Lay  the  former  Table  made  for  the  South  Dial  before  you,  and 
there  you  fhall  find  the  Hour-diftances  of  VIII  and  IV  of  the  Clock, 
are  diftant  from  the  Meridian  47  deg.  8  min.  Take  47  deg.  8  rriin.  from 
your  Chord,  and  fet  them  fro'm  N  to  8,  and  from  N  to  4,  and  alfb 
from  S  to  8,  and  from  S  to  4.  Alfo  feeing  that  the  Hour-difl:ance*a  of 
VII  and  V  are  different  from  the  Meridian  66  deg.  42  min.  take  them 
alfo  out  of  your  Line  of  Chords,  and  fet  them  from  N  to  7,  and  from 
N  to  5,  and  alfo  from  S  to  7,  and  from  S  to  5. 

Laftly,  The  Stile  of  the  Dial  muff  make  an  Angle  of  3  8  deg.  28  min. 
equal  to  the  Complement  of  the  Latitude,  and  mufl:  ftand  upon  the  ob¬ 
fcure  Hour-line  of  12  at  Night,  and  mufl:  point  upwards  towards  the 
North  Foie.,  as  the  South  Dials  did  downwards  towards  the  South  Foie. 
And  fo  have  you  firiifhed  your  Dial. 


CHAP.  XL 

\ 

To  defer Ibe  Hour  Lines,  upon  an  Ere£t  Direif  Eail  or  Weft 
Plain. 

A  S  an  Erefl  Direff  N’orth  or  South  Plain,  lies  in  the  Azimuth 
Circle  of  Eajl  and  Well,  and  is  reprefented  upon  tlie  Proje- 
flion  by  the  Line  E  W,  Fig.U.  the  Poles  whereof  were  N  andf  S; 
So  an  Ereff  Direft  EaJl  or  M"efl  Plain,  lies  in  the  Azimiith  Circle  of 
North  and  South ;  and  fothe  Plain  is  reprefented  upon  the  Projeclion  by 
the  Line  N  S ;  and  the  Poles  of  thofe  Plains  are  E  and  W, 

Now 
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^  Now  the  Line  N  S,  reprefentlng  the  Plain,  paffeth  direaiy  through 
P  the  Pole  of  the  World;  and  therefore  the  Pole  hath  no  Elevation 
a^ve  thefe  Flams,  and  confequently  the  Dial  will  have  no  Center,  hut 
all  the  Hour-Lines  will  he- Parallel  one  to  the  other :  and  thele  Dials 
may  be  drawn  according  to  thefe  following  Directions. 

The  Geometrical  ConfiruSion  of  thefe  Dials. 

Figures  Xet  A BC  D  be  a  Dial  Plain,  upon  which  you  would  draw  an  Eajt 

IV.  V.  or  Direct  Dial.  -r-  /i^-  i 

1.  Upon  the  point  C,  at  one  lowermoft  corner,  it  it  be  an  Dial ; 

or  upon  the  point  D  at  the  other  lowermoft  corner,  if  it  be  a  IVeJl  Dial, 
with  6o  deg.  of  your  Line  of  Chords,  deferibe  an  obfeure  Arch  of  a 
Circle  E  F :  Then  from  the  fame  Line  of  Chords,  take  38  de^.  28  min. 
the  Complement  of  the  Latitude  of  the  Place  (which  is  alto  the  Ele¬ 
vation  of  the  Equinoctial  above  the  Horizon)  and  fet  that  diftance 
upon  the  Arch  from  E  to  F,  and  draw  the  Line  C  F  quite  through  the 
Plain,  which  Line  (hall  reprefent  the  EquinoCtial  Circle. 

2.  That  you  may  the  better  proportion  your  Stile  to  your  Plain,  and 
that  all  the  Hours  may  come  on,  and  be  at  a  convenient  diftance  one 
from  another,  alTume  two  points  in  the  EquinoCtial  Line,  one  towards 
the  end  C,  for  the  Hour  of  ii  in  the  Eaft  Dial  (or  of  i  in  the  Wefi 
Dial;  as  the  point  G,  and  another  towards  the  other  end  thereof,  for 
the  Hour  of  6,  as  the  point  H ;  and  through  thefe  two  points  G  and 
H,  draw  two  Lines  at  right  Angles  tcTthe  EquinoCtial  Line,  for  the 
Hour-tines  of  XI  and  YI  a  Clock. 

3.  Upon  the  point  G  with  60  deg  of  the  Line  of  Chords  deferibe  an 
obfeure  Arch  of  a  Circle  (below  the  EquinoCtial  Line)  as  IK,  fetting 
thereon  15  deg.  of  your  Line  of  Chords,  from  I  to  K,  and  draw  the  ob¬ 
feure  LineG  K,  extending  it  till  it  cut  the  Hour-Line  of  VI  in  the  point 
L  ;  fo  lhall  the  diftance  LHbe  the  heighth  of  the  perpendicular  Stile, 
proportioned  to  this  Plain. 

4.  Open  your  Compaffes  to  60  d.  of  your  Line  of  Chords,  and  fetting 
one  foot  in  the  point  L ;  with  the  other  deferibe  an  obfeure  Arch  of  a 
Circle  M  N ;  between  the  Hour-Line  of  VI  and  the  Line  G  L. 

5.  Divide  the  Arch  MN  into  five  equal  parts  (which  f  5  d.  of  your 

Line  of  Chords  will  do)  at  the  points  O0©@o,  and  lay  a  Ruler  from 
L,  to  each  of  thefe  points  @©©©©,  and  the  Ruler  ftiall  cut  the  Equi- 
noCfial  Line  C  H  in  the  points  through  which  points  draw  right 

Lines  parallel  to  the  Hour-line  of  VI,  as  the  Lines  VII  ^  VII,  VIII 
^  VIII,  IX  ^  IX,  X  X,  and  they  (hall  be  the  true  Hour-lines  of  an 
Eaft  Plain,  from  Six  in  the  Morning  to  Eleven  before  Noon. 

6.  For  the  Hour-lines  before  VI,  naniely  of  IV  and  V  in  the  Morning, 
you  may  put  them  on  by  transferring  the  fame  Diftances  upon  the  • 
EquinoClial  line  before  VI,  as  there  is  between  VI,  and  the  Hour-lines 
of  VII  and  V  III  after  VI,  and  through  thofe  points  draw  Lines  parallel 
to  the'Hour-line  of  VI,  and  they  lhall  be  the  Hour-lines  of  IV  and  V  in 
the  Morning. 

^  7.  For  the  Stile  of  thefe  Eaft  or  Weft  Dials,  it  may  be  either  a  {freight 
Pin  or  Wire  pointed,  of  the  juft  length  of  the  line  H  L,  fixed  in  the 
point  H,  or  fonie  other  part  of  the  line  of  VI,  perpendicularly  to  the 
Plain,  which  will  Ihew  the  true  hour  only  by  the  lhadow  of  the  very 

top 
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top  thereof,  as  in  the  Weft  Dial,  Figure  v* - (which  is  better) 

it  may  be  a  Plate  ot  Brafs  or  Iron,  of  the  fame  breadth  as  is  the  diftance 
between  the  Hour-lines  of  VI  and  IX  upon  the  EquinoiElial,  as  in  the 
Eaft  Dial,  Figure  IV  ;  which  Plate  rriuft  be  fet  perpendicularly  upon  the 
Hour-line  of  VI,  which  fhall  fliew  the  Hour  by  the  ftiadow  of  the  upper 
edge  thereof :  and  fo  is  your  Dial  finifhed. 

8.  It  you  would  infert  the  halves  and  quarters  of  hours  into  thefe  Dials, 
you  may  eafily  efFe8:  it,  by  dividing  each  fpace'  between  ©  and  ©  on 
the  Arch  M  N,  into  four  equal  parts  and  fo  transferring  them  to  the 
Equinoctial  Circle,  as  you  did  the  whole  hours.  All  which  may  be 
plainly  feen  in  Figure  V. 

In  the  making  of  this  Dial  you  have  made  two  Dials,  namely  a  Weft 
Dial  as  well  as  an  Eaft,  for  it  is  the  fame  in  all  refpe6ls  as  to  the  Hour- 

diftances  and  height  of  the  Stile. - Qnly  whereas  the  Arch  E  F  in 

the  Eaft  Dial  (through  which  the  EquinoCtial  paffeth)  wasdeferibed 
on  the  Right-hand  of  the  Plain,  upon  the  Center  C :  In  the  Weft  Dial 
it  muft  be  deferibed  on  the  Left-hand,  upon  the  Center  D :  And  the 
Hour-lines  of  IV,  V,  VI,  VII,  VIII,  IX,  X,  and  XI  in  the  Forenoon,  on 
the  Eaft  Dial;  muft  be  VIII,  VII,  VI,  V,  IV,  III,  II,  and  I  in  the  After¬ 
noon,  on  the  Weft-Dial:  as  the  Figures  IV  and  V  do  evidence. 


CHAP.  XII. 


How  to  draw  the  Hour-Lines  upon  an  EreCt  North  or  South 
Plain  declining  Eaft  or  Weft. 


I.  By  Projection. 


OUR  Example  fhall  be  of  an  Upright  Plain,  declining  from  the 

South  Weft  ward  degrees.  yj^ 

Firft,  Draw  a  Right-line  A  B,  reprefenting  your  Declining 
Plain,  crofTing  it  with  another  Right-line  CD,  at  Right  Angles  in  Z, 
making  Z  for  the  Z^mih  of  the  Place^  and  Center  of  your  Dial ;  and 
upon  Z  deferibe  a  Circle  ABC  D, - Then  from  C,  towards  B  (be- 


caufe  the  Plain  declineth  Weft  ward,  or  from  C  towards  A,  if  it  had  de¬ 
clined  Eaft  ward)  fet  30  deg.  the  Decimation  of  your  Plain,  from  Cto 
N,  and  draw  the  Line  N  Z  S,  for  the  Meridian  of  the  Place,  upon 
which,  from  Z  to  P  fet  off  the  Pole  of  the  World,  and  finifh  yo\w  Pro- 
jellion  as  is  before  taught. 

Secondly,  Your  ProjecHon  being  finiflied,  A  B  being  the  Line  repre¬ 
fenting  the  Plain,  the  points  C  and  D  are  the  Poles  thereof,  they  being 
90  deg.  diftant  from  A  and  B. - And  now  you  have  three  points  gi¬ 

ven,  namely,  C,  P  and  D,  through  which  three  points  (by  the  nth. 


,  -v-^,  X.  uxxu  till  >»*11\,11  tiiiww  \'~>J  ‘-IAVj-  XJLLll. 

Problem  of  the  Introdultion,  draw  an  Arch  of  the  Circle  C  P  R  D, 
whofe  Center  will  always  fall  in  the  Line  of  the  Plain  A  B,  it  being  ex¬ 
tended  :  This  Circle  is  an  Arch  of  a  Meridian  or  Hour-Circle,  pafling 
through  P  the  Pole  of  the  World,  and  C  and  D  the  Poles  of  the  Plain, 
and  cutteth  flie  Plain  A  B  at  Right  Angles  in  R,  and  is  therefore 
called  the  Meridian  of  the  Plain*  The  Pole  of  this  Circle  muft  next 

L  ,  ^ 


PLAIN 

be  found,  and  that  may  be  done  in  this  manner.  Lay  a  Ruler  from  D 
to  R  it  will  cut  the  Primitive  Circle  in  then  take  always  90  deg.  of 
Vour’ Chord  (becaufe,  the  Poles  of  all  Great  Circles  of  the  Sphere  are  90 
den  diflant  from  the  Circles  themfelves')  and  fet  them  from  4  to  and  if 
you  lay  a  Ruler  from  D  to  it  will  cut  the  Line  of  the  Flam  in  Q,  fo 

is  a  the  Pole  of  the  Circle  CRD.  ,  ,  .  *  ^  i 

Thirdly  The  Sphere  being  projefted,  and  the  Lines  and  Circles  re¬ 
lating  to  this  Plain  drawn  upon  the  ProjeHion :  There  are  Three  things 
to  be  found  before  you  can  draw  the  Hour-lines :  And  thofe  three  things 
are  all  comprifed  in  the  little  Spherical  Triangle  P  Z  R :  The  three  things 
to  be  found,  are 

1.  The  Height  of  the  Pole  above  the  Plain,  Reprefented  in  the  TrL 
angle  by  the  tide  PR,  the  quantity  whereof  may  thus  be  found. 

_ _  Lay  a  Ruler  upon  (the  Pole  of  the  Circle  CRD)  and  P, 

the  Pole  of  the  World,  it  will  cut  the  Circle  in  h,  and  the  Arch 
P,h  meafured  upon  a  Scale  of  Chords,  will  be  found  to  be  32  deg. 
36  min.  and  fo  much  is  the  Pole  of  the  World  elevated  above  the 

Plain  A  B. 

2.  The  fccond  thing  to  be  found,  is  the  Defleclion,  or  the  Subftde  s 
di dance  from  the  Meridian  of  the  Place^  reprefented  in  the  Triangle 

by  the  fide  Z  R,  and  may  thus  be  found. - Lay  a  Ruler  upon 

D,  the  Pole  of  the  Plain  A  B,  and  R  ;  it  will  cut  the  Circle  in  4 ;  the 
diftance  4C  meafured  upon  the  Chords  will  give  21  deg.  40  min. 
for  the  fide  Z  R,  which  is  the  Subfile'*  s  difiance  from  the  Meridian : 

^  Or,  The  Line  Z  R  meafured  upon  the  Scale  of  Half  Tangents , 
will  give  21  deg  40  mih.  alfo. 

3.  The  third  thing  to  be  found  is,  The  Plaints  difference  of  Longitude: 
Or,  The  Angle  oetrveen  the  Meridian  of  the  Place  N  Z  S,  and  the  Me¬ 
ridian  of  the  Plain  C  R  D,and  is  reprefented  in  the  Triangle  by  the 

Angle  ZPR :  the  quantity  whereof  may  be  thus  found. - Lay 

a  Ruler  upon  P,  the  Pole  of  the  World,  and  V,  the  Point  where 
tlfe  Circle  CRD  croffeth  the  Equino8:ial,  and  it  will  cut  the  Pri¬ 
mitive  Circle  in  k,  the  dihance  S  k  meafured  on  a  Scale  of  Chords, 
will  give  3  5  deg.  "26  min.  for  the  Plain’s  Difference  of  Longitude. 

And  now  for  the  drawing  of  the  Hour-lines ;  Lay  a  Ruler  to  C,  and 
to  the  fevcral  Points  9, 10, 1 1,  and  1,2,  3,4,  &c.  where  the  Hour-Cir~ 
ties  crofs  the  Line  of  the  Plain  AB,  and  where  the  Ruler  croffeth  the 
Primitive  Circle,  make  fmall  marks  or  ^  and  Lines  drawn  from 
the  Center  Z,  through  thofe  marks  or  ^  flialJ^be  the  true  Hour-Lines 
belonging  to  the  Declining  Plain. 

A  Rula' laid  from  C  to  R,  will  give  the  Point  L,  whereby  to  dr  aw 
tho.  Subfiilar  Line  Z  L ;  and  32  deg.  36  min.  fet  from  Lto  F,  will  give 
the  Point  whereby  to  draw  the  Stile  Z  F.  And  lb  is  your  Dial  Finifhed. 

From  this  South  Plain  declining  Weft,  a  South  Dial  is  alfo  made  de¬ 
clining  Eaft  30  deg.  turning  from  the  Eaft  fide  to  the  Weft  fide,  and  the 
contrary :  and  by  changing  the  names  of  the  Hours,  by  calling  1 1  One, 
10  Two,  9  Three,  &c,  alfo  i  Eleven,  2  Ten,  &c,  the  Forenoon-Hours 
in  the  Weft  Dial,  being  the  Afternoon-Hours  in  the  Eaft,  and  the  con¬ 
trary:  An  Example  of  a  North  Dial  declining  Eaftward  45  deg.  you 
have  in  Figure  YU. 

II.  By 


DIALLING. 


II.  By  Trigonometrical  Calculation. 


Before  you  can  draw  the  Dial,  you  are  to  find  out  the  three  fore- 
mention’d  Requires j  viz.  (i.)  Th  height  of  the  Foie  above  the  Flam, 
(gi.)  The  Deflellion^  or  Subfiile'*s  diflance  from  the  Meridian,  Cj.)  The 
.plaints  dijference  of  Longitude :  All  which  are  parts  of  the  Spherical  Trian¬ 
gle  P  R  Z,  right  Angled  at  R : - In  which  there  is  given,  f'l.)  The 


I.  The  Height  of  the  Pole  or  Stile  above  the  Plain, 

As  the  Sine  of  90  deg. - — .  — - 


1 0.00000 


Is  to  the  Sine  Complement  of  theLat.  38  deg.  28  min. — 9.79585 
So  is  the  Sine  Complement  of  the  Plain’s  Declin.  60  deg. — 9.95755 


To  the  Sine  of  52  deg.  36  min.  • 


9.73136 


Which  32  deg.  36  min.  is  the  height  of  the  Pole  or  Stile,  above  the 
Plain.  " 


II.  The  Hiflance  of  the  Subfile  from  the  Meridiam 

As  the  5ine  of  90  deg. - - - - - 


10.00000 


Is  to  the^Sine  of  the  Plain’s  Declination  30  deg.- 
So  is  the  Tangent  of4;he  Complement  of  the!  _ 
Latitude  of  the  Place  38  d.  28  m; - j 


.9.69897 

•9.90008 


To  the  Tangent  of  21  deg.  40  min.. 


.9.59905 


Which  21  deg,  40  min*  is  the  diftance  of  the  Subftile  from  the  Me¬ 
ridian.  •  . ' 


III.  The  Plain’s  Dijference  of  Longitude, 

i 

As  the  Sine  Complement  of  the  Latitude  38  deg.  28  min. — 9.79585' 


Is  to ’the  Sine  of  90  deg*. 


So  is  the  Sine  of  the  Subftile’s  diftance  from 
the  Meridian  21  deg.  40  min. - - - 


} 


To  the  Sine  of  36  deg.  25  min.. 


•9-77353 


Which  36  deg.  25  min.  is  tlie  Plain’s  difference  of  Longitude. 


i9 


fide  P  Z  38  deg.  28  min.  equal  to  the  Complement  of  the  Latitude  of 
the  Place.  (2.)  The  Angle  P  Z  R,  the  Complement  of  the  Plaints  De^ 
dination  60  deg.  (3.)  The  Right  Angle  at  R.  And  by  thefe  things 
given,  you  may  find. 


-10.00000 

—9.56736 


evr7 


I  A 


Prom 


PLAIN 


40 


A  Table  of  the  Hour-difiances  of  a  South 
Did  declining  either  to  the  Eajl  or  Wef^ 
^  o  deg.  00  mtn. 


Latitude  of  the  Place  .  .  5 1  d. 

Dill,  of  Subftileand  Merid.  21  — 
Height  of  the  Stile  32' — 

Plain’s  .differ,  of  Longitude  35  — 


32  m. 
-40 
-3(5. 
-25 


From  the  Plain’s  difference 
of  Longitude  thus  found,  al¬ 
lowing  1 5  deg.  of  the  Equi- 
hoclial  for  one  Hour ,  and 
one  Degree  for  four  minutes 
-  of  time,  it  will  follow,  that 
the  Subftile  of  the  Dial 
(which  is  the  Meridian  of 
the  Plain)  muft  fall  between 
the  Hour-Lines  of  2  and  3 
of  the  Clock  in  the  After¬ 
noon,  becaufe  the  Plain  de- 
clineth  Weffward:  For  the 
Plain’s  difference  of  Longi¬ 
tude  falling  between  30  and 
45  deg.  ("namely  between 
the  fecond  and  third  Hour’s 
Equinodial  diftance  )  there 
will  be  two  compleat  Hours, 
and  6  deg.  25  min.  more. 

Wherefore,  make  a  Table  of 
the  Hours  fit  for  the  Plain, 
as  is  here  reprefented  to  the 
Eye :  In  which,  againft  the 
Hour  of  XII,  fet  the  Plain’s 
difference  of  Longitude  36 
deg.  25  min.  from  which 
fubftraA  15  deg.  and  there 
will  remain  2 1  deg.  25  min. 
which  fet  againft  the  Hour  of  XI  and  I,  and  from  21  deg.  25  min.fub- 
ftracl  15  deg.  and  there  will  remain  6  deg  25  min.  which  let  againft 
the  Hour  of  X  and  II ;  and  (becaufe  it  is  lefsthan  1 5  deg.)  write  the 
word  Subfile^  and  fubftra(El:  6  deg.  25  min.  from  15  de^.  then  will 
there  remain  8  deg.  55  min.  ^  which  fet  above  the  word  againft 

the  hours  of  IX  and  III,  which,  by  the  continual  addition  of  15  deg. 
will  give  you  the  Equino6;ial  Hour-diftances  of  each  Hour,  as  in  the 
Table.  Which  Table  being  made,  the  next  thing  will  be 

« 

IV.  To  find  the  Angle  that  each  Hour  maketh  with  the  Subjiile, 
And  for  the  finding  of  thofe  Angles,  this  is  the  Proportion. 

As  the  Sincr  of  90  deg_ 


Hours 
for  the  ■ 

^  & 

Hour-di¬ 
ftances  at 
the  Equi- 
noQ:ial. 

True 

Hour-di-  ' 
ftances  on 
the  Plain 

D. 

M. 

D. 

M. 

V  VII 

68 

35 

53 

57 

VI 

51 

35 

36 

08 

VII  ■  V 

IS 

35 

23 

16 

VIII  IV 

35 

13 

14 

IX  III 

8 

35 

4 

3^ 

Subftile. 

X  II 

✓  * 

0 

25 

3 

28 

XI  I 

21 

25 

1 1 

56 

XII 

25 

21 

41 

L  XI 

51 

25 

34 

03 

11  X 

66 

25 

51 

oc 

III  IX 

81 

25 

.14 _ 

21 

Is  to  the  Sine  of  the  height  of  the  Pole  above  | 

the  Plain  32  deg.  36  min _ y 

So  is  the  T  angent  of  the  Equinb8:ial  diftance  of  1 
'  the  next  hour  to  the  Subftile,  viz.  6  d.  2  5  m. y 

To  the  Tangent  of  3  deg.  28  min._ _ 


.10 — 00000 
’ « 

_9— 73140 
_-9 — 05101 


-8 — 78241 


Which  3  deg.  28  min.  is  the  diftance  of  the  Ten  or  Two  a  Clock  Hour¬ 


lines  from  the  Subftile.  So  again. 


As 


{ 


lire  I 


mi  wunYm  IK  X 


m  ffliwiTEw 


k 


'k 


I 


4-' 


DIALLING. 

As  the  Sine, of  90  deg. - - - 
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•10 — 00000 


To  the  Sine  of  the  Stile’s  height  ^2  deg.  56  min.— 
So  the  Tang,  of  the  n^xt  Equin.  dift.  21  deg.  25  inin.- 

To  the  Tangent  of  i  i  deg.  56  min _ ; _ 


9—7  j  1 40 
9—59^4 


9—32494 


Which  I  I  deg.  56  min.  is  the  Diftance  of  the  Hour-Lines  of  Eleven  or 
One  of  the  Clock  from  the  Subftiie.  Arid  ib  of  all  the  reft,  as  in  the 
Table:  Which  being  meafured  upon  the  Primitive 'Circle  by  help  of  a 
Scale  of  Chords,  will  be  found  the  fame  as  where  the  Hour-Circles  of 
the  Projedion  did  cut  the  Primitive  Circle* 


.  CHAR  XIII. 

•  • 


Mow  to  draw  Hour-Lines  upon  a  South  or  North-Plain^  which 

declines  many  Degrees  Mards  the  Eaft  or  Weft. 

F  a  Plain  fhall  be  found  to  decline  many  Degrees  from  the  North  or 
South  towards  either  Ea.fi  or  Wefi ;  as,  abov^e  60  deg.  Although 
the  Requifites  may  be  found,  and  the  Dial  made  in  all  refpefts  as 
'the  former  Dial  was  in  the  laft  Chapter,  yet  by  reafon  that  the  Pole  of 
•the  MWldy  will  have  but  fmall  Elevation  above  fuch  a  Plam^  the  Hour* 
Lines  will  fall  fo  clofe  one  to  another,  that  there  will  be  no  competent 
diftance  between  them,  till  they  be  extended  very  far  from  the  Cej^ter : 
And  therefore,  it  was  the  way  gf  the  Ancients,  to  draw  the  Dial  upon 
a  large  Floor,  and  extend  the  Hour-lines.,  Stile  and  Subfiile,  to  a  great 
length,  that  fo  the  Hour-lines  might  be  of  a  convenient  diftance ;  and 
then  to  cut  the-DM/off,  Stile  and  all,  and  fo  transfer  it  to  the  Plain,  But 
this  being  too  Hechanical,  I  will  here  fliew  a  more  artificial  way  how 
to  draw  fucli  a  Dial  Geometrically,  by  help  of  a  Line  of  Chords  only,  ha¬ 
ving  no  regard  to  the  Center  of  the  Dial.-Aild,  ' 

V,  By  Trigonometrical  Calculation. 

You  rhuft  find  the  Requifites  :  ]^arnely,  (^i.)  The  height  of  the  Pole.^ 
or  Stile,  above  the  Plain,  {2.)  The  difiance  of  the  Subfile  from  the  Meri¬ 
dian.  ( 3./  The  Plaints  dijference  of  Longitude.  All  which  may  be  found 
by  the  foregoing  Analogies,  or  Proportions; 

Suppofe  therefore.  An.  Upright  Plain,  in  the  Latitude  of .51  deg^ 
32  min.  fhould  decline  frorri  the  South,  EaHward  85  deg.  ' 

I.  For  the  Stile’s  height 4  • 

As  the  Radius  90  deg. - 

To  the  ,Co-Sine  of  the  Latitude  38  deg.  28  min.- 
So  is  the  Co-Sine  of  the  Platri^s  declination  5  deg.- — 

To  the  Sirie  of  3  deg.  6  min.  the  height  of  the  Pole  of  StiIe-^8 — 7341 3 

^  .  * 

M  •  IT*  For 


— .10—^00000 

— 9—79384  . 

-^—8 — 94029 
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11.  For  the  Subftile’s  Diftance  from  the  Meridian,  • 

As  the  Radius  90  deg. - ^ - —10—00000 

9—998?  4 


To  the  Sine  of  the  Declination  85  d^..  - - 

So  is  the  Co-Tangent  of  the  Latitude  58  deg.  28  mm. — 9—90008 

To  the  Tangent  of  38  deg-  «  nun  - - - - —9—89842 

For  the  Defiectiou,  or  the  Suhfiile  s  diftance  from  the  Meridian. 

III.  For  the  Plain’s  Di^rowe  of  Longitude. 

As  the  Sine  of  the  Latitude  51  deg.  32  min.— - 9—89374 


Is  to  the  Radius  90  deg. - - - 

So  is  the  Tangent  of  the  Declination  85  deg.- 

To  the  Tangent  of  86  deg.  5  min. - 


•10 — 00000 
■II — 5  804 


II- 


■16430 


Which  is  the  P/4/Vs” Difference  of  Longitude. 


Thefe  Requifites  being  thus  found,  you  may  proceed  to  the  making 
of  a  Table  for  the  Hour-Diftances,  in  all  refpeds  as  in  the  laff  Chap¬ 
ter:  By  firft  fetting  down  the  Hours  proper  for  the  Plain  in  Order,  as 
in  this*^  Table :  And  againft  XII,  fet  the  Difference  of  Longitude  86 
deg.  5  min.  from  which  fubft raft  1 5  deg.  and  there  will  remain  7 1  deg. 
5  min.  which  fet  againft  XI  and  I.  Alfo  from  71  deg.  5  min.  fubftraft 
1 5  deg.  the  remainer  will  be  56  deg.  5  min.  which  fet  againft  X  and 
ir  and  fo  by  the  continual  Subftraftion  of  1 5  deg.  you  ftiall  find  1 1  deg.9 
min. to  ftand  againft  VII  and  V,  under  which  write  The  Subftile'^s  PUce^ 
and  then  1 1  deg.  5  min.  being  fubftrafted  from  1 5  deg.  there  will  remain 
3  deg.  55  min.  which  fet  under  The  St4bfille''s  Place^  againft  VI ;  and 
then  by  the  continual  addition  of  1 5  deg.  thereto,  you  fhall  have  fuch 
Equinoftial  Diftances,  as  the  fecond  Column  of  the  Table  affordeth: 
And  then  for  the  true  Hour-diftances  upon  the  Plain,  fay 


As  the  Radius  90  deg. - - — 

t 

To  the  Sine  of  the  Stile’s  height  3  deg.  6  min.- 
So  is  the  Tangent  of  86  deg.  5  min.  the  Equi-i 
noftial  diftance  of  XII — - - - y 


To  the  Tangent  of  3  3  deg.  23  min.- 


•10 — 00000 


8— 7??o2 


■11—16455 


■9—89755 


Which  is  the  diftance  of  XII  a  Clock  from  the  Subftile, upon  the  Plain ; 
And  fo  proceeding  with  the  reft  of  the  Equinoftial  Diftances,  you  fhall 
exhibit  fuch  Numbers  as  the  Third  Column  affordeth. 


South  Declin.  Weft- 


D.  M. 

- - 8  5 — 00 

Diftance  Subftile  and  Meridian- - 39—22 

Height  of  the^Stile - 3—06 

Plain’s  difference  of  Longitude  - - 86  --05 


By' 


DIALLING. 

f-  * 

By  this  Table  you  may  fee 
that  the  Hour-diftances  a- 
bout  theSubftile  (and  indeed 
all  the  reft  except  the  ex- 
tream  Hour  of  XIH  do  fall 
fo  near  together,  that  with¬ 
out  an  inhnite  extention  of 
them,  there  will  be  no  com¬ 
petent  Diftance  between 
Hour-line  and  Hour-line ; 
wherefore,  laying  afide  your 
Table,  proceed  to  make 
your  Dial  Geometrically, 
according  to  thefe  following 
Diredlions. 


Hours 
Baft  Weft 

Equinodial 
Diftances . 

D.  M. 

Hour-dift.on 
the  Plain 

D.  M. 

XII 

86 

5 

23 

XI  I 

71 

5 

8 

■58 

X  II 

5 

4 

IX  III 

41 

5 

2 

42 

VIII  IV 

26 

5 

I 

31 

VII  V 

1 1 

5 

0 

The  Subftiles  Place 

VI 

55 

0 

13 

V  VII 

18 

■  55 

I 

4 

IV  VIII 

35 

55 

2 

6 

The  Geometrical  ProjeSion  of  this  (or  the  like)  Dial. 


1.  Draw  a  right-line  A  B  perpendicular  to  one  fide  of  your  Plain,  and 
towards  the  Right-hand,  becaufe  the  Plain  declineth  Eajltvard\  and  VIII. 
with  6o  deg.  of  your  Line  of  Chords,  deferibe  an  obfeure  Arch  of  a 
Circle  C  D  E,  and  upon  it  (from  C  to  D)  fet  off  ^8*deg.  23  min.  the 
Subjitle^s  difiance  the  Meridian^  and  draw  the  Line  AD  for  the 
Suhfiile^  quite  through  the  Plain. 

2.  Out  of  your  Line  of  Chords  take  3  deg.  6  min.  the  height  of  the 
6>/7e,  and  fet  them  upon  the  former  Arch  from  D  to  E,  and  draw  the 
Line  A  E  for  the  Stile, 

3.  Now  ('becaufe  the  5/^/7^  is  but  of  fmall  Elevation.^  viz.,  but  3  deg. 

6  min.)  draw  another  Line  (as  G  H)  parallel  to  the  Line  of  the  Stile 
A  E,  at  fuch  convenient  diftance  as  you  fhall  think  fit which  fhall  be 
your  Augmented  Stile, 

4.  Afliime  any  two  Points  in  the  SuhfiiUr  Line  A  D,  at  fome  conve¬ 
nient  diftance  each  from  other,  as  R  and  S,  and  through  thofe  two 
Points  draw  two  infinite  Right-lines,  both  of  them  at  Right  Angles  to 
the  SuhfiiUr  Line  A  D,  as  the  Lines  Z  Z,  and  X  X. 

5.  From  the  Point  R,  with  your  Compaffes  take  the  neareft  diftance 

to  the  new  Augmented  Stile  G  H,  and  fet  that  diftance  upon  the  SuhfiU 
Ur  Line  from  R  to  K. - Alfo,  from  the  Point  S,  take  the  neareft  di¬ 

ftance  to  the  new  Augmented  Stile  G  H,  and  fet  that  diftance  alfo 
upon  the  Suifiilar  Line  from  S  to  L. 

6.  Upon  thefe  two  Points  K  and  L,  with  60  deg.  . of  the  Line  of 
Chords,  deferibe  two  Semicircles and  in  either  of  them  fet  off  86  deg. 

5  min.  the  Plain’s  difference  of  Longitude;  as  from  R  to  M,  and  alfo 
from  S  to  M ;  both  of  them  on  the  fame  fide  of  the  SuhfiiUr  Line^  on 
which  the  firft  perpendicular  Line  A  B  was  drawn. 

7.  Divide  either  of  the  Semicircles  laft  drawn  into  1 2  equal  Parts, 
beginning  at  the  point  M,  as  the  Points  ©©0,  &c,  which  15  deg  of 
the  Line  of  Chords  will  effe6l- 

8.  Lay  a  Ruler  to  the  Point  I.,  and  the  refpeftive  Points  g®  ®,  &c,  in 
the  Semicircle,  and  the  Ruler  will  cut  the  Line  X  X  in  the  Points 
&c,^ — Alfo  lay  a  Ruler  to  K,  and  the  feveral  Points  00®,  &c,  and 
the  Ruler  will  cut  the  Line  ZZ  in  the  feveral  Points  &c, 

Laftly,  Lines  drawn  from  the  firft  Point  in  the  Line  ZZ,  to  the 
firft  Point  ^  in  the  other  Line  XX,  (which  the  Suhfiilar  Line  will  di- 

red  • 
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re£l:  voii  hbW  to  do)  thofe  Lines  fo  drawn  fball  be  the  true  Hour-lines 
proper  for  the  Plain,  and  will  appear  as  in  the  Figure,  and  be  at  a 
competent  diftanceone  from  another,  without  having  any  relation  at 

all  to  the  Center.  '  t  r  •  i  • 

Now  in  the  making  of  this  Dial  you  have  made  four  Dials,  viz, 

^  South  declining  Weft ^  I 

.  SSouth  declining  Eaft 

,  -^^North  declining  Weftr  ^  5  ilegrees 

cNorth  declining  Eaft  C) 


only  by  changing  of  the  names  of  the  Hours,  and  placing  the  Stile  oh 
the  contrary  fide  of  the  Line  AB,  for  the  South  declining  Eaft.  And 
By  turning  of  the  Dial  upfide  downwards,  for  the  two  North  Decli- 
ners ;  lb  that  the  Stiles  may  point  upwards  to  the  North-Pole,  and 
the  .Hours  about  Midnight  be  omitted,  as  in  the  former  North  Dial, 
Figure  VII.  .  , 


■  Horv  to  draw  the  Hour-lines  upori  a  Direct  Eaft  or  Weft  Re- 
■'  dining  Plain. 


I.  By  the  Projeftion. 

SUppole  a  diredl  Wefi  Plam  fhould  Recline  from. the  Zj»ith  ^  5  deg . 
in  the  Latitude  of  51  deg.'  32  min.  As  in  all  Upright  Plains,  whe¬ 
ther  or  Declining^  Meridian  of  the  Place  and' Hour¬ 

line  of  1 2,  is  always  Perpendicular  to  the  Horizon So  in  all  Dire6i  Eafl 
and  WeH  Reclining^  or  Inclining  Plains^  the  Meridian  of  the  Place  and 
Hour -line  of  12,  is  parallel  to  the  Horizon,  To  makethefe  Dials.  > 
Fhure  Firft,  Draw  a  Right-line  NZS,  reprefenting  the  Bafe  of  your  Re^ 
IX.  dining  Plain^  and  Hour-line  of  12:  Upon  Z,  defcribe  a  Cirple,  and 
draw  the  Diameter  W  E,to  cut  the  Line  N  S  at  Right  Angles  in  Z.Upon 
Z  defcribe  a  Circle,  and  upon  the  Meridian  Line  N  S,  fet  off  the  Pole 
of  the  World  from  Z  to  P,  anfwerable  to  the  Complement  of  the  Lati¬ 
tude  ot  the  Place,  and  finilh  your  Projection  as  hath  been  already  taught. 

Secondly,  Becaufe  the  Plain  Reclines  ^5  deg.  take  35  deg.  out  of  a 
Scale  of  Chords^  and  let  it  ‘  from  S  to  4,  a  Ruler  laid  from  N  to  will 
cut  the  Vertical  Line  of  the  Plain  in  O,  and  now  have  you  three  Points, 
N,  O,  and  S,  whereby  to  draw  your  Reclining  Plain^  whofe  Center 
will  alwayes  be  in  the  Line  E  W  extended ;  Or,  3  5  deg.  the  Reclination, 
being  taken  out  of  a  Scale  of  Half  Tangents^  will  give  the  point  O  as 
before.  The  Circle  NOS  reprefenting  the  Reclining  Plain,  being 
drawn,  you  muft  find  its  Pole,  which  may  be  done  in  this  manner : 
Take  90  deg.  out  of  the  Line  of  Chords,  and  fet  them  from  a  to  h, 
a  Ruler  laid  from  N  to  b,  will  cut  the  Vertical  Line  of  the  Plain  E  W, 
iti  Qj  iof  l^he  Pole  of  the  Reclining  Plain  (or  the  complement  of  the 
Reclination  55  deg.  being  taken  out  of  a  Scale  of  Half  Tangents  and 


DIALLING. 

fefc  from  Z,  will  find  the  point  Q_  for  the  Pole  of  the  Plain  alfoj.  Now 
having  found  tht  Pole  of  the  Flam  at  d,  and  the  Pole  of  the  World  at  P 
you  have  two  Points,  mz.  P,and  Q,  through  which  youmufi:  (hj  the 
1 2th  Problem  of  the  Imroduclion)  draw  an  Arch  of  a  Great jfircle 
which  will  cut  the  KecUmng  Plam  at  Right-Angles  in  R :  Now  part 
of  the  Arch  of  this  Circle :  Part  of  the  Meridian  NP :  And  part  of  the 
' Reclining  Plain  NR,  do  conftitute  a  Spherical  Triangle  N  R  P,  Rio-ht 
Angled,  at  R.  And  out  of  this  Triangle  may  all  the  Requiftes  belon^^- 
ing  to  this  Plain  be  found,  which  are  Three,  z'iz.  ^ 


I.  TYiQ- Height  of  the  Pole  above  the  Plam^  reprefented  by  the  Arch 
P 

II.  The  Difiance  of  the  Subfiile  and  Meridian,  reprefented  by  N  R* 

III.  The  Plain's  dtjference  of  Longitude ^  or  the  Angle  between  the  Me- 
ridian  of  the  Place,  and  the  Meridian  of  the  Plain,  reprefented  bv 
the  Angle  N  P  R. 

Firfl:,  you  mufi:  find  the  Pole  of  the  Meridian  of  the  Plain,  Which 
will  always  be  where  the  Circle  NOS,  reprefenting  the  Plain,  doth 
crofs  the  Equinoftial  Circle,  as  here  it  doth  at  A  ;  fo  is  A  the  Pole  of 
the  Meridian  of  the  Plain.  And  now^, 

1.  To  find  the  Height  of  the  Pole  or  Stile  above  the  Plain,']  A  Ruler 
laid  from  A  to  P,  will  cut  the  Circle  in  e,  and  laid  from  A  to  R  it 
will  cut  the  Circle  in  c,  the  diftance  e  c  meafured  upon  a  Scale  o^  Chords 
will  give  26  deg.  41  min.  for  the  Stiles's  Height, ' 

2.  A  Ruler  laid  from  Qto  R,  will  cut  the  Circle  in  L,  the  diftance 
NL  45  deg.  52  min.  Is  the  difiance  of  the  Subfiile  from  the  Meridian, 

A  Ruler  laid  from  P  to  B,  where  the,  Meridian  of  the  Plain  cuts 
the  Equinoctial  Circle  E  JE  W,*  will  cut  the  Circle  in  g,  (or  where  the 
Meridian  of  the  Plain  cuts  the  Primitive  Circle,  which  is  in  g  alfo  ') 
the  diftance  S^  66  deg.  ,27  min.  is  the  Plain’s  difference  of  Lon(r it ude 
or  the  Angle  between  the  Meridian  of  the  Plain,  and  the  Meridian  of  thl 
Place,  ^  • 

The  Requifites  being  thusTound,  the  Hour-lines  are  eafily  drawn.* 
For  lay  a  Ruler  from  Q,  the  Pole  of  the  Plain,  to  the  feveral  Points 
where  the  Hour-Circles  crofs  the  Reclining  Plain,  as  at  1,2,^,  &c.  and 
■^vhere  the  Ruler  cuts  the  Primitive  Circle  make  marks,  or  thro’ 
which  marks  if  you  draw  Lines  from  Z,  they  fhall  be  the  true  Hour- 
Lines  proper  for  youi" Reclining  Plain.  And  a  Ruler  laid  from  Q  to  R 
gives  the  Point  L  for  the  Subftile.  The  height  of  the  Stile  being  26 
deg.  41  min.  fet  26  deg.  41  min.  from  L  to  F,  and  draw  the  Line  Z  F 
for  the  Stile,  And  fo  is  the  Dial  Finifhed :  And  in  making  of  this  Dial 
you  have  made  an  Eafi  Reclining  alfo,  by  only  turning  the  Dial  about 
and  numbering  the  Hours  contrary,  as  in  the  Upright  Decliners. 

II.  By  Trigonometrical  Calculation, 

You  muft  firft  find  all  the  Requifites  belonging  to  the  Plain,  all  which 
may  be  obtained  by  refolvingthe  Right  angled  Spherical  Triangle  N  R  P 
Right  angled  at  R. 


N 


i.For 
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I.  For  the  Height  of  the  Foie  'or  Stile  above  the  Plain. 
As  the  Radius,  the  Sine  of  90  deg. 


10.00000 


Is  to  the  Sine  of  tlie  Latitude  PN  51  deg.  32  min. - 9.89374 

So  is  the  Sine  of  the  Plain’s  Reclination  R  N  P  35  cleg.  9-75^59 

To  tlie  Sine  of  26  d.  41  m.  the  fide  P  R,  the  Stile  sT,  — - ^  ^  ^  ^ 

liei2,ht  above  the  Plain. - —  . 


1 0.0000a 


II.  For  the  Subjlile'^sdijiance  from  the  Mmdkn, 

% 

As  Radius - - — ■  ”  ’  “ _ _ 

To  the  Tangent  of  the  Latitude  5 1  deg.  3  2  min.  N  P — 10.0999  * 

So  is  the  Co-finc  of  the  Reclination  5$  deg. - 9-9^33^ 

To  the  Tangent  of  45  deg.  52  min.  NR,  the  di-1 _ 2o.oi?27 

fiance  of  the  Subftile  and  Meridian. - J 

III.  For  the  Plain  s  Diference  of  Longitude, 

s 

As  the  Sine  of  the  Latitude  5 1  de^  ^  2  min.  P  N - 9.89^74 

Is  to  the  Radius  90  deg. - - - 10.00000 

So  is  the  Sine  of  the  Subfile’s  diftance  from  the7  _ _ 

Meridian  45  deg.  52  min.  N  R- - - j 

-  . 

To  the  Sine  of  66  deg.  27  min.  The  Plain’s  dif- 7 _ 

-ference  of  Longitude  R  P  N. - - - S 


The  Requifites  being  found,  you  are  next  to  prepare  a  Table  as  fol- 
ioweth,  wherein  fet  the  Hours  proper  for  the  Plain,  namely,  from  4  in 
the  Morning  till  2  in  the  Afternoon,  for  the  Eafi  Reclmer^  and  from 
10  in  the  Forenoon  till  8  at  Night,  for  the  tVefi  Rec liner. 

Then,  confidering  the  Plain’s  Difference  of  Longitude  to  be  66  deg, 
27  min.  confider  how  many  Equmoffid  Hours  are  therein  (allowing 
1 5  deg.  for  an  Hour)  and  you  ihall  find  4  Hours,  and  6  deg.  27  min. 
remaining,  wherefore  the  Subftile  muft  ftand  between  the  Hours  of 
4  and  5  in  the  Eafi  Did^  and  between  7  and  8  in  the  Wejl  Did^  be¬ 
tween  which  Hours  write  the  word  The  Subfile :  Then,  becaufe  there 
is  6  deg.  27  min.  remaining  above  4  hours,  write  6  deg.  27  min.  in  the 
fecond  Column  over  Sub-  againft  the  Hours  of  4  and  8.  Alfo  fub- 
ftraft  6  deg.  27  min.  from  1 5  deg.  the  Remainer  will  be  8  deg.  ^  5 
min.  which  write  under  The  Subfile  againft  the  Hours  of  5  and  7. 
Then  by  the  continual  addition  of  1 5  deg.  to  either  of  thefe  Numbers, 
you  fhall  have  the  EquinoEltd  distances  belonging  to  each  Hour,  as  in 
the  fecond  Column  of  the  Table^  namely,  21  deg.  27  min.  for  9  and  3  \ 
And  23  deg,  33  min.  for  6  and  6,  <kc,  * 


The 
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Weft  Reclining  . 

Latitude 

Stile’s  height 
Deflexion 
Difference  of  Long. 

35 

51 

26 

45  - 
66 

0 

32 

41 

52 

27 

/ 

Equino- 

Hour-  di- 

Hours 

dial  Di- 

ftances 

from  the 

ftances. 

from 

the 

Subftile 

Subftile. 

D. 

M. 

D. 

M. 

II  i 

81 

27 

71 

29 

12 

66 

27 

45 

52 

I  II 

51 

27 

29 

24 

2  10 

27 

18 

20 

21 

27 

10 

0 

4  ^ 

6 

27 

2 

54 

The 

Sub 

- 

ftile.  ' 

5  7 

8 

33 

3 

52 

6  '6 

23 

33 

1 1 

4 

1  ^ 

3S 

33 

^9 

41 

8  4 

5? 

33 

iS 

9  3 

<58 

33 

48 

49 

jio  2 

8? 

33 

75 

50 

The  Tdle  being  thus  Prepared, 
you  have  nothing  now  to  do,  but 
to  Calculate  the  HoUr-diftances  up¬ 
on  the  Plain  from  the  Subfiile ;  which 
is  eafily  done  by  this  general  Analo-^ 
gy  or  Progorttort, 

As  the  Radius  i  o.ooooo 


47 


9.05328 


Is  to  the  Tangent  oT 
6  ,d.  27  m.  the  Equi-( 
noftial  dift.  for  the( 
hours  of  4  and  8 
So  is  the  Sine  of  the  Stile’s^ 
height  P  R  26  deg.  41  ^9.6523  3 

min.  j - - — 

To  the  Tangent  of  2  deg.*^ 

45  min.  the  dift.  of  the^8.7056i 
Hours  of  ^  and  8  upon? 
the  Plain  from  the  Subft.  J 

And  by  continual  working  of 
this  Proportion.,  you  ftiall  find 
fuch  numbers  as  this  Table  af- 
fordeth  in  the  Third  Column 
thereof,  which  being  fet  off  by 
help  of  a  Scale  of  Chords  upon 
a  Circle  from  the  Subfiile  of  the  Dial,  they  fhall  be  the  true  Hour- 
lines  proper  for  your  Reclining  Plain, 


C  H  A  P.  XV. 

How  to  draw  Hour-Lines  upon  direB  South  Reclining  Plains. 

The  Firft  Variety,  Reclining  Equal  to-  the  Pole. 

OF  thefe  Plains,  2i^Q.'Three  Varieties For,  Firft,  the  South  Figure 

Plain  may  fo  Recline,  that  it  may  fall  juft  into  the  Pole,  and  X. 
that  is  when  the  Reclination  of  the  Plain  is  equal  to  tlie  Comple¬ 
ment  of  the  Latitude  of  the  Place,  Over  fuch  a  Plain  the  iVe  hath  no 
Elevation ,  and  therefore  the  Dial  no  Center,  and  all ,  the  Flour-Lines 
muft  be  parallel ;  and  the' making  of  this  Dial  is  the  fame  as  the  Easi' 
or  Wefi  Erect-direcl  Dials  where,  only,  as  the  Stile  of  thofe  Dials  ftood 
upon  the  Hour-Line  of  Six,  in  thefe  it  muft  ftand  upon  the  Hour-Line  . 
of  Twelve,  and  the'  Equinoctial  Line  in  that,  muft  be  an  Horizontal 
Line  in  this.  An  Example  of  fuch  a  Plain  you  have  in  Figure  X. 

II.  The  Second  Variety,  South  Reclining  Lefs  than  to  the  Pole. 

Havin^y drawn  a  Circle  W  SE  N,  and  crofted  it  with  two  Diameters  Eurure 
S  N  Meridian  of  the  Place  and  the  Hour-Line  of  r2,  and  W  E 

’  .  for 


'  V  L  A  I  N 

for  the  ?rime  Vented  Circle,  and  Hour-Line  of  Six,  and  within  this 
'  Circle  Projeded  the  Sf>hcre  according  to  the  former  Direftions,  you  may 
now  proceed  to  the  making  of  the  Dial ;  Which,  Let  be  a  SomhFUw, 
Redwing  Irom  the  Xsnith  25  Degrees. 

I.  By  the  Projeftion. 

liic  Reclinatwn  of  the  Plain  being  25  deg.  take  25  deg.  from  a  Chord, 
and  fet  them  from  E  to  a  Ruler  laid  from  W  to  a,  will  cut  the  jMeri- 
'  dian  of  the  Place  in  R  :  Or,  the  half  Tangent  of  25  deg.  will  reach  from 
Z  to  R  alfo:  And  now  you  have  three  Points  W,  R,  and  E,  whereby 
to  draw  your  Redining  Plain,  wdiofe  Center  will  always  be  in  the  Me¬ 
ridian  Lii)e  S  Z  N  extended,  and  from  its  Center  to  R,  will  be  equal 
to  the  Sec  a  fit  of  70  deg.  the  Complement  of  the  Reclination. 

The  Circle  W  R  E  reprefenting  the  Plain,  being  drawn,  you  fee  that 
it  paffeth  between  the  Pole  of  the  World  and  the  Zenith,  and  therefore 
the  South  Pole  is  Elevated  above  it ;  and  how  much,  you  mav  thus  find ; 
Lay  a  Ruler  from  W  toP,  it  will  cut  the  Circle  in  c,  the  dilfance  from 
CX.0  a  meafured  upon  a  Chord,  will  be  found  to  be  1 3  deg.  28  min.  for 
the  height  of  die  South  Pole  or  Stile  above  the  Plain.  *  ,  ' 

For  finding  the  Pole  of  the  Plain,  take  90  deg.  of  the  Chords,  and 
fet  .them  from  a  to  b,  a  Ruler  laid  Irom  W  to  b,  will  cut  the  Meridian 
Line  S  N  in  ,  fo  is  the  Pole  of  the  Plain. 

Now  for  the  Hour-Lines,  Lay  a  Ruler  to  Q_,and  to  the  feveral  Points 
I,  2,  3,  where  the  Hour-Circles  of  the  Projeftion  interfeO;  with  the 
Plain  W  R  E,  and  on  the  Circle,  where  the  Ruler  crolfeth  it,  make 
marks  and  from  Z  the  Center,  through  thofe  marks,  draw  Lines, 
and  they  fball  be  the  true  Hour-Lines  proper  to  the  Reclining  Plain ; 
and  13  deg.  28  min.  fet  from  N  to  Llhall  give  the  Point  L,  where¬ 
by  to  draw  the  Line  Z  L  for  the  Stile  of  the  Dial. 

* 

II.  By  Trigonometrical  Calculation, 

In  thefe  Plains  there  is  nothing  (befides  the  Hour-Diffances)  to  be 
found,  but  The  height  of  the  Pole  or  Stile  above  the  Plain,  and  that  is  eafily 
done:  For,  The  Plain  falling  between  the  Pole  and  the  Zenith,  if  you 
fubftrad  the  Reclination  ZR  25  deg.  from  ZP  38  deg.  28 min.  the 
Complement  of  the  Latitude, [the,  Remainder  1 3  deg.  28  min.  is  the  Heioht 
of  the  Pole  above  the  Plain. 

Now  for  the  Hour-Lines,  the 
height  of  the  Pole  above  the  Plain 
being  found,  the  general  Canon  for 
Hour-diftances  will  effeft  that ;  for 
having  framed  a  Table  with  Hours 
and  Equinodial  distances  anfwera- 
ble  to  them,  you  may  by  the  gene¬ 
ral  Canon  work  as  followeth. 

As  the  Radius  90  deg.  *  10.00000 
To  the  Sine  of  R  P  12^ 


d.  28  m.  the  height! 
of  the  Pole  above( 
the  Plain. 


9.4280 


Stile’s  height  1 3  d.  28  m.  | 

Hours  from 
Noon.  . 

Equinodfial 

Diftances. 

D.  I\I. 

Hour-Di- 
ftances  on 
the  Plain. 

D.  M. 

12 

II  I 

10  2 

t  ^ 

8  4 

L’ 

0  0 

15  0 

30  0 

45  0  ^ 
60  0 

75  0 

90  0 

« 

0  CO 

S  ^4 

7  39 

7 

21  58 

4t  0 

90  0 

So 


I 


H 


i 

\ 

D\ 

tX 

y'  /  \ 

/'  \\  \ 

\/  /;il  P^ 

••^  — -"TX  \  \ 

\  1^ 

\  4 

]D\[ 

A  \^\\ 

\  yi 

^^nuijlri/  hegu^in^  o_f  y  ^S^i'enth  Ti'actate  Ta^e  4.^. 


i 
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So  is  the  Tangent  of  1 5  d.  the  Equinodial  dift.  for  i  and  1 1,  9.3^7 1 5 


To  the  Tangent  of  5  d.  ^4  m.  the  Hour-diftances  of 
1 1  and  I  a  Clock 


8*79518 


And  fo  for  all  the  Reft  of  the  Hour-diftances  as  in  the  Table,  the 
Stile  being  13  deg.  28* min.  high,.fct  it  upon  the  Circle  from  N  to  L, 
and  draw  the  Line  Z  L  for  the  6’tile,  The  Subftile  is  always  the- Meridi¬ 
an  or  Hour-Line  at  1 2. 

I  • 

III.  The  Third  Variety,  South  Reclining  More 

than  to  the  Pole.  !  ^ 

'■I"*  '  *  . 

The  Lines  N  S  and  E  W  being  drawn  at  Right  Angles  in  Z,  the 
one  for  the  Meridian  and  Hour- Line  of  12,  the  other  for  the  Prime 
Circle  and  Hour  Line  of  Six :  And  the  Sphere  Projected  upon 
the  Horizon  of  London  according  to  former  DireHions,  You  may  pro¬ 
ceed  to  the  drawing  of  the  Did  in  this  manner,  nothing  differing  from 
the  former:  And  let  the  Example  be  of  a  direcl  South  Plain  Reclining 
70  deg.  *  . 

I.  By  ProjeSioni 


-  The  Sphere  being  Projefled ,  /defcribe  the  Circle  reprefenting  the 
Plain  upon  it,  in  this  manner:  The  Reclination  being  70  deg,  take  70 
deg.  of  your  Chord  and  fet  them  from  E  to  a,  A  Ruler  laid  from  W 
to^,  Will  cut  the  Meridian  in  R,  ("or  the  half  Tangent  of  70  deg.  fet 
from  Z,  will  give  the  Point  R  alfo )  and  fo  you  have  three '  Points 
through  which  to  defcribe  the  Circle  E  R  W  reprefenting  your  Reclining 
Plain.,  whofe  Center  will  be  in  the  Meridional  Line  N  S :  And  the  Se¬ 
cant  of  20  deg.  (the  Complement  of  the  Reclination)  fet  from  R  upon 
the  Meridian  Line  to  B,  will  give  the  Center :  And  the  Plain  being  de- 
fcribed,  you  fee  it  falls  between  the  Pole  and  the  North  Point  of  thd 
Horizon.,  and  therefore  the  North  Pole  is  Elevated,  and  to  know  how 
much.  Lay  a  Roller  from  W  to  P,  it  will  cut  the  Circle  in  fo  the 
diftance  between  a  and  b  being  meafured  upon  the  Scale  of  Chords, 
will  give  3 1  deg.  3  2  min.  for  the  height  of  the  Pole  or  Stile  above  the 
Reclining  Plain, 

Next  find  the  Pole  of  the  Plain  E  R  W ,  by  taking  90  deg.  of  your 
Chords,  and  fetting  it  from  to  a  Ruler  laid  from  W  to  c-will  cut 
the  Meridian  in  Q,  fo  is  the  Pole  of  the  Plain  \  To  which  -Point 
and  the  feveral  interfeHions  of  the  Hour-Ctrcles  of  the  Projeciion  \vith 
the  Plain.,  i,  2,  3,  &c.  If  to  thefe  Points  you  lay  a  Ruler,  it  will  cut 
the  Primitive  Circle  in  &c.  through  which  Points  if  you  draw 
right  Lines  from  Z,  they  fliall  be  the  true  Hour-Lines :  And  3 1  deg. 
32  min.  the  height  ot  the  Pole  above  the  Plain,  being  taken  from  a 
Chord,  and  fet  from  N  to  L,  it  ftiall  give  the  Point  whereby  to  draw 
the  Sttle :  And  fo  is  . the  /)/.?/  finiflied* 


II. 


O 


PLAIN 


i 


f 


■  ‘  II.  By  Trigonometnc^il  Calculation,  ^ 

There  is  nothing  in  this  Dial  to 
be  Calculated  but  the  Hour-Diftan- 
ces^  and  before  you  can  Calculate 
them, 'you  muft  Trft  obtain  The 
height  of  the  Pole  or  Stile  above  the 
Plain^  in  this  manner  :  The  Plain 
falling  between  *  the  and 

the  Nprth  Pole'l  die  Arch  of  the 
Meridian  P  R,  muft  be  the  height- 
thereof:  Now  from  Z  to  R  is  70  d. 
the  Reclination  of  the  Plain, 'and 
from  Z  to  P  is  3  8  deg.  28  min.,  the 
Complement  of  tllQ  Latitude :  Sub- 

ftrad  P  Z38  deg.  28  min.  from  .  ^ 

Z  R  70  deg.  the  rernainder  3  2  deg.  3 1  min.  is  die  Arch  P  R,  the  height 
ofdie  Po/t'  above  the  P/4/> ;  Which  known,  prepare  3.  Table  and  Cal¬ 
culate  thQ  Hour-df lances  by  the  general  Analogie  or  Proportion. . 


Stile’s  height  3 1  d.  3  2  m. 


. 

Hours  from 
Noon. 

Equiiiodlial 

Diilances. 

D.  M. 

Hour-Di- 
.ftances  on 
the  Plain. ' 
•  D.  M. 

12 

0  0-4 

/ 

0  •'  00 

1 1 ,  ’ .  I 

15  0 

‘7  59 

-  10  2 

30  0 

16  48 

9  3  ■ 

••45  0 

27  ,56 

8  ;4-. 

60  p 

42  10 

7  5 

75 

62  ■  52 

6 

90  0 

■  9°  ° 

As  Radius 

‘1  ’ 

.  ,To  the  Sine  of  the  height  of  the  Pole  above  the? 

■  ,,  Plain  P  R  3 1  deg.  3  2  min.  S 

So  is  the  Tangent  of  1 5  deg.  the  Equinodial  diilance 


10.00000 

9.71850 

9.42805 


To  the  Tangent  of  7  d.  59  m.  the  Hour-dill,  of  i  i  or  i.  9.14655 


And  fo  for  all  the  reft  of  the  PIour-Diftances  as  in  the  Table,  The 
Stile  muft  be  Elevated  above  the  Meridian  or  Subftik  equal  to  the  An¬ 
gle  N  Z  L  3 1  deg.  32  min.  Audio  is  the  Dial  linifhed. 

.  .  \  ■ 


CHAP.  .XVI. 


How  to  draw  Hour-lines  upon  direS  North  Reclining  Plains., 

OF  thefe  kind  of  Plains  there  are  'TXw'^tVarieties^  as  there  were  of 
South  Recliners:  For  fi.)  The  Reclination  may  be  fuch 

that  the  Plain  may  juft  lie  to  the  Equinoctial  Circle. - Or, 

('ll)  It  may  Recline  fo,  that  the  Plain  may  tall  between  the  Zenith 
and  i\\Q  Equinociial  Circle.  Or,  (3.)  1l\\q  ^Plain  may  Recline  fo, 'as 

to  fall  between  the  Equ i noil lal  and  the  Elorlz^n.  Examples  of  all 
which  do  here  follow. 


t 


I.  The 


HijiLinocticill  T>iall 


1 


I 


DIALLING.  St 

I.  The  Fir§l  Variety  ;  North  Reclining,  Equal 

to  the  Equinodial. 

I.  By  Proje&ion. 

Our  firft  Example  fliall  be  of  a  North  Plain ,  Reclining  from  the 
nith.,  51  deg.  32  min. 

’  Firft,  Having  drawn  N  S  for  the  Meridian  and  Hour-Line  of  12,  Figure 
and  E  W  for  the  Prime  Vertical  Circle^  and  Hour-Line  of  6,  crofting  XIIL 
each  other  at  Right  Angles  in  Z,  and  upon  Z  defcribed  a  Circle,  and 
therein  Projelfed  the  Sphere  :  The  next  thing  to  be  done  is  to  proje6l 
the  Circle  reptefenting  your  Reclining  Plain  :  And  the  Reclination 
being  5 1  deg.  3  2  min.  take  thofe  Degrees  from  your  Line  of  Chords 
and fet  them  from  W  to  a:  A  Ruler  laid  from  E  to  will  cut  the 
Meridian  m  M,  which  is  the  very  interfeftion  of  Poo  EcpuinoBial  Circle 
with  the  Meridian  N  S ;  and  fo  the  E^uinoBial  OVc/e  ;reprefents  your 
Plain:  .To  find  the  Pole  whereof,  Take  90  deg.  of  your.  Chords  and 
fet  them  from  ^  to  and  laying  Ruler  from  E  to  ‘  it.  \Vill  crofs  the 
Meridian  N  S  in  P  the  Pole  of  the  World,  fo  tliat  the  Pole  of  the 
World  is  the'  Pole  of  this  Plain  ;  and  the  diftance  a  b  being  90  deg.' 

Ihews  the  North  Pole  to  be  elevated  above  the  Plain  90  deg. 

Now  for  the  Hour-Lines,  P  being  the  Pole  of  the  Plain,  lay  a  Ruler 
thereto,  and  to  every  of  the  Hour-points  i,  2,  3,  &c,  ii,  10,  9,  &c, 
where  the  Hour-Circles  crofs  the  Plain,  and  where  the  Ruler  crofleth 
the  Primitive  Circle.^  make  marks  ^  ^  through  which,  and  the  Cen¬ 
ter  Z,  Lines  being  drawn  fliall  be  the  true  Hour-Diftances  proper 
for  this  Reclining  Plain  :  And  indeed  they  are  no  other  than  if  the 
Circle  were  divided  into  24  equal  parts,  for  the  Hours  are  all  of 
an  equal  diftance  one  from  another,  namely  15  deg.  Now  the  Stile 
having  90  deg  of  Elevation,  A  ftraight  Pin  or  Wjre  of  any  length,  fet 
tipright,  (i.  e.)  Perpendicular  to  the  Plain in  the  point  Z,  fhall  point 
direSly  to  the  North  Pole^  and  fo  fliew  the  Hour  by  the  fliadow 
thereof. 

There  needs  no  Trigonometrical  Calculation  for  this  Dial^  the  Hour- 
Diftances  being  all  Equal,  15  Degrees  from  each  other, 
and  the  Stile  only  a  ftraight  Wjre^  fot  perpendicular  to  the  Plain. 

«•>  • 

*  'II.  T/7£’ Variety ;  North  Reclining  L^y} 

than  the  Equinofitial. 

I.  By  ProjeSion, 

Let  this  Second  Example  be  of  a  North  Plain,  Reclining  from  the  Eigure 
Zenith  25  deg.  Having  'drawn  NS  for  the  Meridian^  and  EW  for  XI V. 
PrfmeWertical.^  interfering  at  Right  Angles  in  Z-,  and  upon  Z  defcribed 
a  Circle  EN  WS,  and  in  it  ProjeBed  the  Sphere  \  Your  next  work 
will  be  to  Draw  the  Circle  reprefenting  the  Plain  upon  the  ProjeBion, 
in  this  manner  : 

The  Plain  Reclining  25  deg.  take  25  deg.,  out  of  your  Line  of 
Chords,  and  fet  it  from  W  to  :  A  Ruler  laid  from  E  to  ^  fliall  cut  the 

Meridian 


PLAIN 

Meridian  in  R,  (ov  the  half  Tangent  of  25  deg.  fct  from  2,  fliall  give 
the  Point  R  alfo).  And  now  you  have  Three  points  to  draw  your  j^ain 
by,  E  R  W,  wliofe  Center  will  be  in  xh^MerUim  Line  N  S, 
and  the  Secant  of  25  deg.  fet  from  R  will  give  the  fame. 

The  Plain,  being  thus  defcribed,  you  fee  it  palfeth  between  the  Zenith 
and  the  Equinocit^l,  and  the  North  Pole  is  Elevated  above  it  the 
Quantity  or  the  Arch  of  the  Meridian  K  P ;  and  to  know  how  much 
that  is,  you  muft  firll:  find  the  Pole  of  the  Plain  thus :  Set  90  deg.  from 
atoi,  then  lay  a  Ruler  upon  E  and  h ,  it  will  cut  the  Circle  in 
Q,  fo  is  Q  the  pole  of  the  Plain  ;  and  a  Ruler  laid  from  E  to  P  will 
cut  the  Circle  in  c,  the  diftance^^  c  meafured  upon  a  Scale  of  Chords 
will  give  63  deg.  28  min.  fon  the. Arch  P  R,  equal  to  the  height  of  the 
Pole  above  the  Plain.  < 

^T6  draw  the  Hour-Lines;  Lay  a  Ruler  upon  Q,  and  to  the  feveral 
points  where  the  Hour-Circles  crofs  the  Plain,  and  where  the  Ruler 
cuttcth’ the  Primitive  Orc/^’make  marks  or  through  which 

points,  from  the  point  2,  draw  Lines,  and  they  fhall  be  the  true  Hour- 
Lines.  For  the  Stile  take  6^  deg.  28  min.  from  your  Scale  of  Chords 
and  fet  them'  from  N  to  L,  and  draw  the  Line  2  L  for  the  Stii  e ;  The 
Subftile  is  the  Line  N  .2,  or  the  Meridian  of  the  place,  as  in  South 
Kecliners ;  but  in  thefe  North  Recliners  the  North  Pole  is  always’Elevated 

and  the  Hours  about  Midnight  left  out :  As  in  Figue  XIV.  ^ 

\ 

*  v/ 

II.  By  T vigonomQtnc^.1  Calculation. 

All  the  Calculation  that  is  required  in  thefe  Direcf  Reclining  Plains, 
is  only  the  Height  of  the  Pole  above  the  Plain^  and  the  Hour-di fiances 
from  the  Meridian.  P or  the  Firfl:,  it  is  the  Quantity  of  the  Arch  PR 
Now  from  Zto  Hris  38  deg.  28  min.  equal  to  the  Complement  of  the 
Latitude^  and  2  R  is  25  deg.  equal  to  the  Rcclination^  which  added 
together  make  63  deg.  28  min.  And  fo  much  is  the  height  of  the  Pole 
or  Stile  above  the  Reclining  Plain  E  R  W. 


Stile’s  height  63  d.  28  m. 

Hours  from 
Noon. 

Equinoctial 

DiPances. 

D.  M. 

Hour-Di- 
Pances  on 
the  Plain. 

D.  M. 

12 

II  .1 

10  2 

I  ^ 

8  4 

^  X  5 

6 

0  0 

15  0 

30  0 

45  0 

60  0 

75  0 

90  0 

0  00 

13  .  29 

27  19 

.41  49 

57  10 

73  20 

90  00 

For  the  Hour-Difiances  from  the 
Meridian,  they  are  to  be  found  by 
the  general  Analogie  or  Proportion! 

As  Radius  90  deg.  i  c.oooco 

T 0  the  Sine  of  6  3  deg.p 

28  min.  the  Stile’s >  0.0066 
^  Height;  .  S  • 

So  is  the  1  angent  ol  the;> 

firlf  Equin.  difl:ance>  9.42805 
1 5  deg.  3 

To  the*  Tangent  of  13^ 
deg.  29  m.  for  the  di->  9.3 797  j 
fiance  of  1 1  and  i  j 


The 


/ 


4 


DIALLING, 

The  like  muft  be  done  for  all  the  reft ,  and  fo  ftiall  you  produce 
inch  Numbers  as  are  in  the  third  Column  of  the  Table. 

The  Stile  muft  ftand  upon  the  Meridim~Line  N  Z,  making  an  An¬ 
gle  of  63  deg.  28  min.  therewith. 


III.  The  Third  Variety  :  North  Reclining  more 

than  the  Equinoctial. 

L  Projection.. 

Suppofe  a  North  PUin  in  the  Latitude  of  5 1  deg.  3  2  min.  ftiould 
B^ecUne  from  the  Zenith  70  deg. 

Firft,  Draw  N  S  and  E  W  at  Right  Angles  in  Z,  and  upon  Z  de-  Figure 
fcribe  a  Circle,  and  therein  project  the  Sphere,  Which  done,  Take  the  XV. 
Plaints  Reclimtion  70  deg.  out  of  your  Scale  of  Chords^  and  fet  it 
upon  the  Circle  from  W  to  /*,  a  Ruler  laid  from  E  to  4,  will  cut  the 
Meridian  in  R,  (^or.  70  deg,  taken  out  of  the  Scale  Half  Tangents^ 

will  reach  from  Z  to  R  alio  ).  Now  having  Three  points  E,  R,  and 
W,  defcribe  it  upon  your  Proje8:ion,  the  Center  thereof  will  be  in  the 
Meridian  Line  N  S,  and  will  be  diftant  from  R,  equal  to  the  Secant 
of  20  deg :  The  Plain  being  drawn,  find  the  Pole  thereof,  by  taking 
90  deg.  of  your  Chords,  and  fetting  them  from  a  to  fo  a  Ruler  laid 
from  E  to  ftiall  cut  the  Meridian  N  S  in  (T  the  Pole  of  the  Reclining 
Plain,  But  now  to  find  the  Height  of  P  the  Pole  of  the  World, 
above  the  Reclining  Plain  E  R  W,  Lay  a  Ruler  upon  E  and  P,  it  will 
cut  the  Circle  in  5,  fo  ftiould  ad  hQ  the  height  of  the  Pole  above  the 
Plain;  which  being  above  90  deg,  wz,,  108  deg.  28  min.  the  Com¬ 
plement  thereof  to  180  deg.  namely  71  deg.  32  min.  is  the  Stile’s 
height ;  which  fet  from  S  to  L,  (hall  give  you  the  point  L,  whereby  to 
draw  the  Line  of  the  Stile.  .  _  • 

Next  for  th.e  Hour-Lines,  A  Ruler  laid  to  Q,  the  Pole  of  the 
Plain,  and  the  refpeftive  points  i,  2,  3,  &c,  (where  the 
crofs  the  Plaint  mark  where  the  Ruler  cuts  the  Primitive  Circle,,  and 
there  make  marks  or  ;  and  from  Z,  if  you  draw  Lines  through 
thofe"^^"^,  they  ftiall  be  the  true  HourHines  belonging  to  your 
Reclintnz  Plain, 

O  V 


II.  By  Trigonometrical  Calculation, 

As  in  the  other  Reclining  Plains  which  are  direft  North  or  South ^ 
there  was  no  Arithmetical  X]alculation  but  only  to  find  the  Height  of  s 
the  Pole  above  the  Plain,,  and  the  Hour-Diflances  from  the  Meridian 
of  the  Place,  neither  is  there  more  in  this. 

For  the  firft,  ( namely  the  Height  of  the  Pole  or  Stile  above  the 
Plain)  which  is  Reprelented  by  the  Arch  of  the  Meridian  in  the 
Projection  by  PR.  N^ow  from  Z  to  P  is  38  deg.  28  min.  equal  to 
the  Complement  of  the  Latitude,  and  Z  R  is  70  deg.  equal  to  the 
Reclination,  thefe  two  being  added  together  make  108  deg.  28  min. 
but  this  cannot  be  the  true  height  of  the  Pole  above  the  Plain,  for 
that  can  never  exceed  90  degrees,  but  this  Plain  falling  between  the 
Equator  and  the  Horizon,,  muft  needs  have  fo  much  lefs  than  90  deg. 
of  Elevation,  as  the  P^eclination  is  more  than  the  Latitude ;  therefore, 

P  If 


‘S4- 


PLAIN 


Stile’s  height  71  d.  3201.  ' 

Hours  from 
Noon. 

Equinodlial 

Diftances. 

D.  M. 

Hour-Di¬ 
ftances  on 
the  Plain. 

D.  M. 

12 

II  I 

10  2 

9'  I 

8  4 

^6^ 

0  0 

15  0 

30  0 

45  0 

60  0 

75  0 

90  0 

0  00 

14  16 

28  43 

4?  5° 

58  41 

74  14 

1  90  00  I 

i8o  deg.  is  71  deg.  32  min.  and 
that  is  the  true  height  of  the  Pole 
above  the  Plain  :  Or  if  you  add 
Z  A,  51  deg.  ^2  min.  the  La¬ 
titude,  to  R  S  20  deg.  (the  Com¬ 
plement  of  the  Plain’s  Reclination) 
the  Sum  of  them  will  be  71  deg. 
32  min.  for  the  Height  of  the 
Pole  or  Stile  above  the  PUm. 

The  Hour-Diftances  (  now  the  height  of  the  Stile  is  known)  may 
be  found  by  the  Common  Analogy. 


As  the  Radius  90  deg.- 


■  10.00000 


To  the  Sine  of  the  Stile’s  height  71  deg.  32  min. - 8.97704 

So  is  the  Tangent  of  1 5  deg.  to  the  firft  Eguin.  diftance— 9.42805 

To  14  d.  16  m.  the  firft  Hour’s  diftance  from  the  Merid.  1 9.40805 

And  repeating  this  Work  for  all  the  Hours,  you  fhall  have  fuch  Di- 

ftances  as  in  the  Third  Column  of  the  Table  are'fet  down. 

/  « 

The  Stile  muft  be  ereiSted  upon  the  Meridian,  and  raifedto  an  Angle 
of  71  d.  jam.  equal  to  the  height  of  the  Pole  above  the  Plain. 


CHAP.  XVII. 


Hqvp  to  draw  the  Hour-Lines  upon  South  Declining 

Reclining  Plains. 

C^F  South  direT  Reclining  Plains.,  there  were  Three  Varieties, 

*  J  there  as  many  01  South  Rjcliners  which  Decline  allb  \ 

For  to  any  Declination,  the  Plain  may  Recline  fo,  that  it 
iMy  pals  thioiigh  the  Pole  of  the  W or  Id.  Or,  Secondly,  It  may  Recline 
?’  jhe  fhall  fall  below  the  Pole,  and  fo  fall' between » 

of It  may  fo  Recline,  that  the 
am  lhall  pals  between  the  Pole  and  the  Horiz^on:  Of  all  which 
Vanettes  I  fhall  give  particular  Examples. 

I*  Firft  Variety :  Of  South  Declining  Reclining  Plains, 
The  Plains  faffing  through  the  Pole. 


I.  By  Projedion. 

^iv7  £  JSf  T!"  Declining  from  -the  SouU 

AVI.  tajlmrd  30  deg.and  Redmmg  from  the  Zsnfth  34  dig.  32  min. 

Firfl 


I 


D  I  A  L.L  I  N  G. 

/ 

Firfl:  Draw  a  Right  Line  A  B,  reprefenting  the  Bafis  of  your  Reclinwg 
Plam,  and  crofs  it  with  another  Line  C  D,  at  Right  Angles  in 

Secondly,  Upon  Z,  defcribe  a  Circle  and  in  it  from  C  towards  E, 
(becaufe  the  Plain  declines  Eaftward  )  fet  30  dQg.  the  Declimtiofz  of 
the  to  N,  and  draw  the  Line  N  Z  S  for  the  Meridian  of  the 

Place  upon  which,  from  Z  to  P,  fet  the  Half  Tangent  of  the  Com¬ 
plement  of  the  Latitude  28  min.  and  the  ProjeBion: 

Whreh  done,  r  1  , 

Thirdly,  Take  the  Half  Tangent  of  the  Reclination  of  the  Plain 

24  d.  ?2  rn.  and  fet  it  from  Z  toR,  upon  the  Line  C  D,  fo  have  you 

three  Points  A,  R,  and  Bj'by  which  to  draw  your  Plain,  whofe  Center 

will  be  in  the  Line  C  D  extended,  and  the  Secant  of  55  deg.  28  rain. 

fet  from  R  will  give  the  Center  point :  Alfo  the  Half  I'angent  of  55 

deg.  28  min.  being  fet  from  Z  will  give  you  the  point  Q,  for  the  Pole 

of  the  Flain  ;  through  which  point  (T,  and  P  the  Pole  of  the  World^ 

you  muft  (by  the  1 2th  Problem  in  the  Jntrodticlion  )  draw  the  Arch  of 

a  Great  Ctrde  :  And  now  feeing  the  Plain  palfeth  juft  through  the 

Pole  of  the  World,  the  Pole  hath  no  Elevation  above  it,  and  therefore 

the  Hour-Lines  muft  be  parallel  one  to  the  other.  But  belore  you  can 

draw  them,  two  things  muft  be  found, 

I.  The  Difiance  of  the  Merman  from  the  Horiz.on  P  B. 

2*  The  P lairds  Difference  of  Longitude^  the  A  ngle  Z  P  Q. 

Both  which  by  the  Projection  are  thus  found : 

A  u  nLr  Ltd  from  O  to  P,  will  cut  the  Circle  in  a.  and  the  diftance  , 
.B  will  g.ve  7.  deg.  ,5,’  min  for  the  D.- 

Hance  of  the  Meridian  from  the  Horizon  :  And  the  ArchS^,  meafured 
upon  the  Chords,  will  be  24  deg.  19  min.  for  the  Plaints  Difference 

^"^TTef^thint^s  found,  the  Dial  muft  be  drawn  Geometrically,  not 
much  differing^  from  the  direa:  Eafi,  Wefi,md  Equinodial  Dials,  as 
ihall  be  prefently  fhewed.  But  Firft, 

II.  Trigonometrical  Calculation. 

/  ^ 

1  To  find  the  Difiance  of  the  Meridian  from  the  Horizon  P  B. 
bV*  theinterfedion  of  the  Circles  of  the  Sphere  with  the  Plain,  you 
have conftitut^d  a  R/gfe  Angled  Spheric  A  TrUrtgle  P  R  Z,  Right  Angled 
atR,  in  which  there  is  given,  (i.)  The  Z  P  deg  28 

min  the  Complement  of  the  Latitude,  (^2,j  Tue  Angle  R  Z  P  deg. 
the  FUin's  Declimtion,  and  if  you  will,  (5.)  the  fide  R  Z  34  deg.  32^ 
min  the  PMAs  Redmution.  To  find  the  fide  R  P,  the  Complement  of 
the  Meridim's  diftance  from  the  Horizon ;  For  doing  whereof  this  is  the 

Proportion. 

•  ^ 

As  Radius  90  deg.  _ 

To  the  Sine  of  P  Z  the  Co-Latitude  38  deg.  28  min. 

So  is  the  Sine  of  R  Z  P  the  Plain’s  Declination  30  deg. 

^  I  -  .  - 

To  the  Sine  of  RP  18  deg.  7  min.  _  ^  9.49280 

The  Complement  whereof  71  deg.  53  mm;  is  the  Arch  P  B,  the  Dt~ 

flame  of  the  Meridian  from  the  Horizon: 
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10.00000 

9.79385 

9.69897 
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For  the  Plains  Difference  of  Longitude  Z  P  Q., 

As  the  Sine  of  P  Z  the  Co-Latitude  58  deg.  28  min.  9.79^85 

Is  to  the  Radius  90  deg.  _  ^  lo.coooo 

SoistbeSineofZ  R  the  Plain’s  Reclination  ?4deg.  min.  19.75349 

'  _ I _ -  -  - 

To  the  Sine  of  Z  P  R  65  deg.  41  min.  ^  9-9^9^^ 

•Whofe  Complement  24  deg.  19  min.  is  the  Angle  Z  P  the  Plam'^s 

Difference  of  Longitude, 

«r 

'  The  Geometrical  Proje&ion  of  this  Dial. 

/ 

FNure  Draw  a  Line  at  pleafure,  as  A  Z  B,  reprefenting  the  Horizontal 

XVTI.  Line  of  the  Plain;  Then^conhdering  ol  what  length  you  would,  liav^e 
*  your  Stile  to  be,  anfwerable  to  tlie  bignefs  of  your  Plain ;  fuppofe 
Z  D,  rake  that  diftance  in  your  Compalfes,  and  fetting  one 
foot  in  Z,  with  the  other  defcribe  a  Semicircle  A  C  D  B,  upon  which 
.  (^by  help  of  a  Scale  of  Chords)  fet  71  deg.  53  min.  the  diflance  of  the 
Meridian  from  the  Horizon^  from  A  to  C,  and  draw  the  Line  Z  CE 
for  the  Subfile.  ^ 

Secondly,  Take  24  deg.  19  min.  the  Plain's  Difference  of  Longitude 
and  fet  it  from  C  to  D. 

Thirdly,  Through  the  point  C,  draw  a  Line  FG,  perj^endicularto 
the  Subfile  Z  E  ;  and  another  Line  H  I,  at  any  diflance  parallel  to  F  G. 

Fourthly,  Lay  a  Ruler  from  Z  to  D,  it  will  cut  the  Tangent  Line 
F  G,  in  1 2,  through  which  point,  draw  the  Line  12,  12  Parallel  to 
the  Subfile  ZE,  for  the  Hour-Line  of  1 2. 

Fifthly,  Divide  the  Semicircle  A  D  B  into  12  equal  parts,  at  the 
points  ^  ^  ^c.  beginning  at  D. 

Laftly,  Lay  a  Ruler  unto  Z,  and  upon  every  of  the  marks  ^  ^ 
&c.2ind  the  Ruler  will  cut  the  Line  F  G,  in  the  points  7,  8,  9,  16 
II,  12,  I,  2,  through  which  points,  draw  lanes  parallel  to  the  Subftik 
Z  E,  fo  is  your  Dial  hnifhed. 

As  for  the  Stile^  it  may  bea  ftraight  PinorWyre^o^  the  juR  length 
of  the  Line  CZ,  as  KL,  fet  perpendicular  to  the  Plain  upon  any  part 

of  the  Subfile^  point  will  give  the  Shadow. - Or  it 

may  be  a  Plate  of  Brafs  or  Iron^  of  the  fame  breadth  with  the  Line 
Z  C,  which  will  fliew  the  Hour  by  the  Shadow  of  the  fide  thereof. 

II.  The  Second  Variety :  Of  South  Declining  Reclining 
Plains ;  The  Plain  faffing  between  the  Pole  and  the  Zenith. 

I.  By  the  Projeftion. 

Dgure  Our  Second  Example  (hall  be  of  a  Plain  Declining  from  the  South 
III.  £af  ward  30  deg.  and  Reclining  Fom  iht  Zenith  20  deg. 

Firft,  draw  a  Right  Line  AB,  for  the  Bafe  of  the  Reclining  Plain, 
and  another  C  D,  perpendicular  thereunto,  for  the  Ferttcal  Line  of  the 
Plain,  crolTing  one  another  at  Right  An^^les  inZ. 


Secondly 
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Secondly,  upon  Z  defcribe  a  Circle,  and  thereon  fet  30  deg.  the 
climtion  from  A  to  E,  and  draw  the  line  E  W  for  the  Prime  Vertical 
Circle^  and  at  Right  Angles  to  it  the  Line  S  P  N  for  the  Meridian  of  • 
the  Place,  and  now  Projeci  the  Sphere^  as  hath  been  before  taught. 

Thirdly,  Out  of  your  Scale  of  Half  Tangents,  take  20  deg.  the 
clination  of  the  Plain ,  and  fee  it  from  Z  to  H  upon  the  Line  CD;  for 
the  Plain :  Alfo  take  70  deg.  and  fet  them  from  Z  to  Q,  for  the  Pole  of 
the  Plain;  and  having  three  Points  A,  H,  and  B,  whereby  to  defcribe 
your  PUin^  if  you  take  the  Secant  of  70  deg.  and  fet  it  from  H; 
upon  the  Line  CD  extended,  it  fiiall  give  the  Center 'whereby  to 

defcribe  the  Reclining  Plain  A  H  B. - And  now  having  found  the 

Pole  of  the  Plain.,  you  muft  through  it,  and  P  the  Pole  of  the 
World  (  by  the  1 2th  Problem  of  the  lntrodu6lion  )  defcribe  the  Arch 
of  a  Great  Circle  Q  R  P. 

Having  proceeded  thus  far,  the  next  thing  to  be  done  is  to  find  the' 
Requifites  belonging  to  this  Plain,  which  in  all  DecliningsReclining 
Plains  ^excepting  fuch  as  pafs  through  the  Pole  of  the  World^ 
or  by  the  interfetlion  of  the  Meridian  and  Equinoctial ) 
are  Four,  viz, 

1.  The^  Meridian  Horizon  -S  r  O'B 

2.  The  height  of  the  Pole  or  Stile  above  the  Plain  ^reprefenO  P  R 

3.  difiance  of  the^\]^^Ei\^  from  the  by  ^OR 

4.  The  Plain’s  difference  of  Longitude  J  C  O  P  R 

And  all  thefe  may  be  found  by  the  Projection  : 

1.  For  O  B:  Lay  a  Ruler  from  Q^to  Oj  it  will  cut  the  Primitive 
Circle  in  4,  the  Diftance  from  B  to  ^ ,  liieafured  on  a  Scale  of  Chords, 
will  be  found  to  be  78  deg.  50  min.  ^o\'X\\QDiHance  of  the  Meridian 
r  dm  the  Horizon, 

2.  For  P  R  :  You  muft  firfl:  find  the  Pole  of  the  Great  Circle  P  R  Q 
(  as  hath  been  taught  already  at  the  end  of  the  Fourth  Chapter  hereof^ 
which  will  be  at  ^  (  always  in  fome  part  of  the  Equinoaial  Circle, 
namely,  at  the  Interfcftion  of  the  Equinoctial  and  the  Plain)  :  which 
found.  Lay  a  Ruler  from  q  to  P,  it  will  cut  the  Circle  in  and 
laid  to  R,  it  will  cut  the  Circle  in  r,  the  diftance  b  c  meafured  on 
the  Chords^  will  be  found  to  be  1 3  deg.  49  min.  for  The  height  of 
the  Stile, 

3.  For  O  R  :  A  Ruler  laid  from  Q  to  O,  did  cut  the  Circle  in  4-; 
and  laid  from  Q^to  R,  it  will  cut  the  Circle  in  d ;  the  diftance  a  d  will 
be  found  by  the  Scale  of  Chords  to  be  7  deg.  3  o  min.  for  the  Defiexion^ 
or  Subfile’*  s  difiance  from  the  Meridian, 

4.  For  OPR:  (The  mcafure  whereof  upon  the  Equinoctial  is 
iE  L  )  Lay  ai  Ruler  from  P  to  L,  it  will  cut  the  Circle  in  e,  the  diftance 
N  e  meafured,  will  be  found  28  deg.  52  min.  for  The  Plaints  difference 
of  Lortgitudei 

The  Requifites  being  found,  the  next  work  will  be  to  draw  the 
Hour-Lines.,  which  differs  nothing  from  what  is  done  dn  other  Plains  : 
Wherefore,  Lay  a  Ruler  upon  Q  ( the  Pole  of  the  Plain  j  and  upon 
the  feveral  points  where  the  Hour-Circles  of  the  Projection  cut  the 
Plain  A  H  B,  and  where  the  Ruler  cuts  the  Primitive  Circle  make 
marks  or  ^  :  And  from  the  Center  R,  Lines  drawn  through  thole 

marks  or  fhall  be  the  true  Hour-Lines, - The  Stile  muft  be 

Elevated  above  the  Subfile  the  quantity  of  the  fide  P  R,  namely  1 3 
deg.  49  min.  Q.  ^  .  IL  By  • 
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II.  By  TrigoiTometrical  Calculation, 

By  the  Interfeftion  of  the  Circles  of  the  Sphere,  with  the  Great 
Circles  belon<^ing  to  this  Reclininp^  Plain,  there  are  Conftituted  feveral 
Spherical  Pnangles  ;  but  efpeciafly  Pwo  :  By  the  refolving  of  which, 
all  the  fore-mentioned  Requifites  may  be  attained :  The  two 
Triangles  are  H  O  Z,  Right  Angled  at  H,  and  O  P  R  Right  Angled 

at  R  • 

I.  For  the  difiance  of  the  Meridian  from  the  Horizon  B  O. 

This  will  be  found  in  the  Right  Angled  Spherical  Triangle  H  O  Z, 
in  which  is  given,  (i.)  The  Side  H  Z  20  deg.  the  Plaints  Reclination, 
(2.)  The  Angle  H  Z  O  jo  deg.  the  Platrh  Decimation  :  To  find  the 
Side  HO, 

As  Radius  90  deg.  .  10.00000 

^  % — 

To  the  Sine  of  Z  H  20  deg.  the  ^clination 

So  is  the  Tangent  of  H  ZO  deg.  the  Declination 

To  the  Tangent  ofH  O  ii  dcg.iomin.  9.29549 

Whofe  Complement  78  deg.  50  min.  is  the  Arch  B  O,  the 
Dtjlance  of  the  Meridian  from  the  Horizon, 

'1,  For  the  height  of  the  Pole  or  Stile  abo^e  the  Plain  PK 

This  mull  be  found  in  the  Triangle  P  O  R,  but  in  it  there  is  not 
yet  enough  given  ;  wherefore  P  O  muft  be  firft  found  in  the  former 
Triangle  H  O  Z.  Thus, 


9.53405 

9.76144 


As  the  Sine  of  H  Z  O  30  deg.  the  Declination 

To  the  Sine  of  HO  iideg.  10  min. 

So  is  Z  H  O  the  Sine  of  90  deg. 

} 

To  the  Sine  of  O  Z  22  deg.  47  min. 


9-h^97 

9.28705 

10.00000 

9.58808 


Which  fubftra8:ed  from  Z  P  38  deg.  38  min.  f  here  remains  1 5  deg. 
41  min.  for  the  fide  O  P  in  the  other  Triangle  OPR:  And 
now  feeinp  the  two  Triangle  Yi  O  ZandPR  O  are  a  like,  and 
the*SV;«^j  of  their  Hypotenujes  and  Perpendiculars  2l\'C  proportional, 
you  may  work  with  both  Triangles  together  to  find  P  R.  For, 

As  the  Sine  of  ZO  22  d.  47m.  Hoot.  1  f  9.58799 

To  the  Sine  ef  Z  H  20  d.  PerLl  \  "ilnan.HOZ  (p-;,— 

'  '  *  -  gg 


So  is  the  Sine  of  P  O  1 5  d.  41  m.  Hypot. ^  .  t'  n  f  9-43 1 
•  To  the  Sine  of  P  R  1 3  d  .  49  min.  Perpend  Trian  P  O  R  ^  g 


96593 

9-37794 


3*  P^^^l^^P^lfianceof  the  Subftile/row  Meridian  O  R. 

In  the  Triangle  P  O  R,  where  there  is  given  the  fide  P  O  1 5  deg. 

^  ^  13  deg.  49  min,  And  the  Right  Jnole  at  R :  To 
hnd  O  Pv.  ' 


Dial! 


Figure  XVBI 


AaaLi-i/l  to  fold. 
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As  the  Co-Sine  of  P  R  76  deg.  1 1  min.  9.9872  $ 

To  the  Radius  P  R  O  90  deg.  10.00000 

So  is  the  Co-Sine  of  P  O  74  deg.  19  min.  9.98  j  52 

To  the  Co-Sine  of  OR  82  deg.  30  min.  9.99627 


Whofe  Complement  7  deg.  50  min.  is  the  fide  O  R,  The  Suhftile^s 
difimce  from  the  Meridian, 

4.  For  the.  Plain  s  difference  of  Longitude  OPR. 


} 

As  the  Sine  of  P  O  15  deg.  41  min.  9.43188 

\ 

To  P  R  O  90  deg. '  10.00000 

So  is  the  Sine  of  R  O  7  deg.  30  min.  9.11569 

To  the  Sine  of  O  P  R  28  deg.  52  min.  ^  9.68381 


Which  28  deg.  51  min.  is  the  Plaints  difference  of  Longitude. 

The  next  thing  you  are  to  feek,  is  the  Hour-Difances  upon  the 
Plain. 

The  Plain’s  Difference  of  Longitude 
being  28  deg.  52  min.  which  is 
but  One  Hour.,  and  13  deg.  52 
min.  of  the  EquinoHialovQV ;  where¬ 
fore,  The  Plain  Declining  Easlrvard, 
the  Stile  muft  hand  betwen  the 
Hours  of  10  and  ii  in  the  Fore¬ 
noon  :  Therefore,  Prepare  a  Table 
and  write  down  the  Hours  that  the 
Plain  is  capable  to  receive,  namely, 
from  5  in  the  Morning,  till  4  in  the 
Afternoon ;  and  between  the  Hours 
of  10  and  II,  where  the  ^Subfile 
mull:  ftand,  write  the  word  Subflile^ 
and  under  it  write  1 3  deg.  5  2  min. 
which  fubfbratfled  from  1 5  deg.  thb- 
remainer  will  be  i  deg.  8  min.  which 
write  over  Subfile,  Then  to  thefe 
two  Numbers,  by  the  continual  ad¬ 
dition  of  1 5  deg.  (  one  Equinoliial 
HouPs  diftance)  you  fliall  produce 
fuch  Numbers  as  are  fet  down  in 
the  fecond  Column  of  the  Table,  And 
now  to  find  the  true  Hour-difiances 
upon  the  Plain  :  Make  ufe  of  the 
accuftomed  Analogy. 


As  ' 


\ 


Latitude 

Declination 

Reclination 

51 

30 

20 

1 

1 

0  0 

0  0  to 

Dift.Mer.&Hor. 

78 

50 

Stile’s  height 

13 

49 

Defle(Tion 

7 

^0 

Differ,  of  Long. 

28  52 

Equino- 

True 

Hours 

6tial  Di- 

Hour 

from 

ftances. 

diftances 

Noon 

D.  M. 

D. 

M. 

5  .  7 

76  8 

44 

3 

6 

61  8 

25 

7  5 

46  8 

IT 

57 

8  4 

H  8 

8  12 

9  3 

16  8 

3 

57 

10  2 

I  8 

0  16 

The 

Sub- 

ftile. 

II  I 

15  52 

3  22 

12  . 

28  52 

7 

30 

I  II 

4?  52 

12  55 

2  10 

58  52 

21 

3  9 

7J  52 

39 

52 

4  8 

88  52 

85 

i6 
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As  the  Radius  90  deg. 


10.00000  . 

- - 


To  the  Sine  of  the  Stile  s  Iieight  13  deg.  ^ 

So  is  the  Tangent  of  yd  d.  8  ni.  the  Ecjuinoctial  di-y 
Ranee  of  5  or  7  a  Clock.  d 

To  the  Tang,  of  44  d.  ^  m.  the  true  diR.  of  the  7 
Hours  of  5  or  7  upon  the  Plain  from  the  SubR.  .f 


9.37806 

10.60755 

9.98561 


And  thus  working  for  every  Hour,  you  fliall  produce  Rich  numbers 
as  are  in  the  third  Column  ot  the  Table,  which  with  the  Meridian, 
Suhilile,  Stile,  or  Deflexion,  being  fet  upon  your'  Plain,  your  Dial 
is  Finifhed. 


lll.The  Variety ,o/'SouthDedining  Reclining  Plains 

The  YVaxa  faffing  between  the  Voln  and  the  Horizon.  ; 

By  Projection.  ] 

Tigure  Let  this  Third  Example  be  of  a  South  Plain  Declining  Eaflivard 
XIX.  deg,  and  from  the  55  deg.  »  -  i  > 

FirR,  Draw  a  Right  Line  A  B  for  the  Bafe  of  your  Plain,  and  crofs  . 
k  with  another  Line  C  D,  at  right  angles  in  Z,  for  the  Vertical  Line 
of  the  Plain. 

Secondly,  Upon  Z  deferibe  a  Circle,  and  upon  thePerifery  thereof, 
fet  30  deg.  the  Plaints  Declination,  ixom  C  to  N,  and  draw  the  Line  .  i 
N  Z  S  tor  the  Meridian  of  the  Place,  Projecting  the  Sphere  within  the 
Circle. 

Thirdly,  Take  55  deg.  the  Reclination,  from  your  Scale  of  Half 
Tangents,  and  fet  them  from  Z  to  F,  for  the  point  of  your  Plain,  and  ! 

fettiie  Complement  thereof  35  deg.  from  Z  to  (i.,for  the  Pole  of  the  ^ 

Plain:  And  having  three  points  A,  F,  ajidB,  whereby  to  draw  your 
Reclining  Plain,  the  Secant  Complement  of  the  Reclination  35  deg,  1 
fet  from  F  upon  the  Line  F  D,  will  give  you  the  Center  whereby  to  de-  ' 
feribe  it . 

Fourthly,  Through  P  the  Pole  of  the  World,  and  Q  the  Pole  of 
the  Plain,  draw  the  Arch  of  a  Great  Circle  R  P  d  (  by  the  1 3  Prob. 

.  of  the  Introduction )  and  find  the  Pole  thereof  at  ci  in  the  Eauinoliial 
Circle.  ,  ,  , 

Fifthly,  You  muR  find  thefeRf^a/)//^i, 


r.  The  0/7/^  Meridian Horizon  7)  ^  O  B 

2.  The  Height  of  the  Pole  or  Stile  above  the  Plain  (  p 

3.  The  Diflance  of  the  SubRileyro^?  the  Meridian  ^  jR  O  v 

4.  The  Plain’s  Difference  of  Longit.  RPO  or  ^  ^  ^  d  .^P  Q.  ^ 

All  which  may  be  found  by  thsl  Projection,  in  this  manner  :  ■ 

1.  For  O  B :  Lay  a  Ruler  from  Qto  O,  it  will  cut  the  Circle  in  a, 

and  B  4  meafured  upon  the  will  give  64  deg.  41  min.  for  the 

Diflance  of  the  Meridian  from  the  Horizon, 

2.  For  P  R  :  Lay  a  Ruler  from  q  to  P,  it  will  cut  the  Circle  in  b  :  . 

alfb,  a  Ruler  laid  from  ^  to  R,  will  cut  the  Circle  in  c,  the  diR^ince 

being  19  deg.  25  min.  is  the  Height  of  the  Pole  or  above  the 
Plain.  For 


,1)  I  A  L  L  I  N  G. 

For  RO  :  A  Ruler  laid  from  C^to  O,  did  qut  the  Circle  laa^ 
and  Laid  from  Qto  R,  it  will  cut  it  in  the  diftance  a  6  deg.  2  rain, 
is  the  Deflexion^  or  The  Subfile’s  difimce  from  the  Meridian. 

4.  For  R  P  O,  (  or  rather  Ai  P  (L  j  whofe  meafure  upon  the  Equi- 
nodial  isiEL,  a  Ruler  laid  from  P  to  L,  will  cut  the  Circle  in  and 
S  f  meafured  upon  t\\Q  Chords  will  be  17  deg.  38  min.  for  the  Angle 
between  the  Meridian  of  the  Place,  and  the  Meridian  of  the  Plain,  which 
is  the  TUirPs  Dijference  of  Longitude, 

The  Requifites  thus  obtained.  The  Hour-linet  are  to  be  drawn  as 
in  other  Plains,  by  laying  a  Ruler  to  Q,  and  to  the  feveral  Points 
where  the  Hour-Circles  crofs  the  Plain  ;  and  where  the  Ruler  cuts  the 
Primitive  Circle,  make  marks  or  ^  ^  through  which  Points,  or 
%  ^  from  the  Center  Z,  draw  Lines,  and  they  fliall  be  the  true 
lines  proper  for  your  Plain, 

II.  By  Trigonometrical  Calculation: 

ThtTriangles,  by  the  refolution  whereof  the  Requiftes  may  be 
found,  are  the  Triangles  O  F  Z,  R  O  P,  and  O  N  B. 

f  >  . 

I .  Bor  the  'Diflance  of  the  Meridian  from  the  Horizon  B  O. 

In  the  Triangle  O  F  Z,  you  have  given  f  i  )  The  Side  F  Z,  the 
Plaints  Reclination  5  5  deg.  (  •z)  The  Angle  F  Z  O,  the  Plaints  De¬ 
clination  ;  and  f  3  )  The  Right  Angle  at  F. 


As  The  Radius  O  F  Z  90  deg. 


10.00000 


Is  to  the  Sine  of  F  Z,  the  Plain’s  Reclination,  5  5  deg.  9.9 1 3  3  6 
So  is  the  Tangent  of  C  N,  the  Plain’^  Declination,  30  deg.  9.76144 

«  »  ■  II  I  I 

,  To  the  Tangent  of  F  O  25  deg.  19  min.  ^  9.67480 

Whofe  Complement  is  O  B  64  deg*  41  min.  the  Dijlance  of  the 
Meridian  from  the  Horizon, 

\  \  V 

Q.  For  the  Height  of  Ihe  Pole  or  Stile  aboyethe  PlainPR, 

This  fhould  be  found  in  the  Triangle  R  O  P,  but  there  is  not  enough 
given ;  wherefore^  in  the  Triangle  O  N  B,  you  mull  feek  the  Side  N  O, 
thereby  to  come  to  the -Side  O,  P,  thus, 

AstheSi'neof  OBN  90  deg.  ’  i  .  ,  lo.ooooo 

Is  to  the  Sine  of  B  O  64  deg.  41  min.  *  ’  9-95^15 

So  is  the  Sine  of  N  BO  35  deg;  9*75^59 


To  the  Sine  of  NO  31  deg.  14  min.  '  971474 

i  ■  * 

This  N  O  3 1  deg*  14  min.  taken  out  of  N  P,  51  deg*  .  3  2  min.  leaves 
20  deg.  18  min.  for  P  O.  \ 

And  now  becaufe  the  Hjpotenufes  and  Bafe/,  of  the  Triangles  O  N  B 
and  R  P  0  are  proportional,  you  may  deal  with  fhem  both  joyntly  to 
find  P  R  :  For, 

As 


R 


62 


?  L  A  i  H 

AstlieSmeofB0  6j^d.  4im.Hypot.  ].  inTriang.  NOB 

To  theSiiieof  N©6o  deg.  Perpen.j  .  9.9375?', 

^ioistheSiDeofPOeod.  1 8  m.  Hypot.],  j^qP  9-54o2S 

"""  '  -■“’•I'eTen.j 

n  CO 


To  the  Sine  of  R  P  1 9  th  2  5  tn. 


3.  For  ffc  diftance  of  the  SuMik  from  rfeMeridianRO.- 
AstheCo-Sineof  RPipdeg.  25  min;  ■  9-97457 

To  the  sine,  of  P  R  O  Radius  90  deg.  • 

So  is  the  Co-Sine  of  P  O  20  deg.  18  min.<  _ 

To  the  Co-Sine  of  R  O  6  deg.  2  min.  '  '  _  ,  9-99758 

Whicli  6  deg.  2  min.  is  the  Depxiox,  or  Suhjltle  s  dtpme  from  the 

MeridUn.  '  •  .,T>nr>. 

4.  For  the  fhin'S  Biftrence  of  LongitudeYRO, 


10.00000 

9.97215 


As  the  Sine  of  P  O  20  deg.  18  min. 
'Po  PRO  Radius 

So  is  the  Sine  of  R  0,6  deg.  2  min. 


9- 5462  5 

1 0.00000 
9.02165 


To  the  Sine  of  RPO  17  deg.  38  min.  9.48138 

Which  17  deo;.  ^8  min.  is  tli£  Plam^s  difference  of  Longitude. 

^  ^  ^  '  This  17  deg.  38  min.  is  but 

one  Hour,  and  2  deg,  38  min. 
of  the  Equinoflial  over,  it  de¬ 
notes  C  the  Plain  declining 
rvd&d  )  that  the  Stile  muft  Rand 
between  the  Houles  of  i  o  and  1 1 , 
a  fmall  diftance  beyond  10  : 
Wherefore,  prepare  youvTahley 
and  fet  down  all  the  Hours  the 
Plain  is  capable  to, receive,  as 
from  5  in  the  morning  till  4  in 
the  Afterncgn ,  and  beDvtxen 
the  Hours  or  i  o  and  1 1  write 
SuLfliiey2.nd  under  it,  the  2  deg, 
38  min.  remaining,  which  fub- 
ftra8:  from  1 5*deg.  and  the  re¬ 
mainder  1 2  deg.  22  min. fet  over 
Sub-file^  and  by  the  continual 
addition ol'  1 5  deg.  to  thefe  num¬ 
bers  above  and  below  the  word 
Sub lie ;  you  fball  produce  fuch . 
Numbers  as  thofe  in  the  Second 
Colunm  Q^xhis  Table  ^re. 

Now  for  the  Hour-D/Jlancey 
upon  the  they  are  found 

by  the  ufual  Canon ^  viz. 


Latitude  / 
Declination 
Reclination 

51 

30 

55 

32 

00 

00 

Dili.  Mer.  8c  Hor. 

64 

41 

Stile’s  height 

19 

25 

Defle£fion 

6 

2 

Differ,  of  Long. 

17 

3S 

Equine 

True 

Hours 

btial  Di- 

Hour 

from 

Ranees. 

diRances 

Noon 

D.  M. 

D. 

M. 

5  7 

87 

22 

82 

7 

6 

72  . 

22 

46 

17. 

i  5 

57 

22 

27 

26 

8 

42 

22 

16 

52 

9  3 

27 

22 

9 

46 

10  2 

12 

22 

4 

10 

Sub- 

Rile.  • 

£1  I 

0 

53 

12 

17 

3* 

6 

2 

I  1 1 

32 

3!i 

12 

I 

2  10 

47 

38 

20 

1 

^  g 

62 

32 

42 

4  ..  S 

77 

-ii 

il. 

i5 

As 


10.00066 


DIALLING. 

As  the  Radius  90  degi 

_  ♦ 

To  the  Sine  of  t\iQ  Stile^s  height  19  deg.  25  mitt. 

So  is  the  Tan.  of  42  d.  22  m.  Eq.  dift.  for  8  and  4  a  Clock 


To  the  Tangent  of  16  d.  25  m.  the  true  dift.  of  thofe  \ 
Hours  upon  the  FUln  from  the  Subflile  J 


9.52171 

9.96002 


9.4817} 


And  fo  for  all  the  reft  of  the  Numbers  in  the  Table:  And  having 
found  all  the  Requifites^  you  may  by  a  Scale  of  Chords  transfer  them 
and  the  Hour-diflances  alfo  from  this  Table  to  your  Plain. 


CHAP.  XVIII. 

^ow  to  draw  the  Hour-Lines  ufon  North  Decliniilg 

Reclining  Plains. 

AS  there  were  Three  Varieties  in  South  Reclining  Plains  which 
Decline.^  fo  are  there  as  many  in  North  Decliners  Reclining  \ 
for  to  any  Declination  a  Reclination  may  be 'fitted,  that  the 
Plain  fhall  pafs  by  the  Interfe^lion  of  the  Meridian  with  the  EquinoHial 

Circle. - Or  the  Reclination  may  be  fuch,  that  the  Plain  mall  pals 

beween  the  Zenith  and  the  Equator. - -  Or,  it  may  recline  fo, 

that  the  Plain  ftiall  pafs,  between  the  Equator  and  the  Horizon :  Ex- 
'dmples  of  all  thefe  Varieties  follow  in  order . 

I 

I.  TheYiv^  Variety:  OfNorth  Declining  Reclining  Plains, 

The  YhmpaJ/lng  thv ough  the  Inter feTion  of  theMevidim 
with  the  Equinodiial. 

I.  Bj  the  ProjeSiion. 

« 

Our  Firft  Example  fliall  be  of  a  North  Plain  declining  Wejlward  Figure 
deg,  and  Reclining  from  tho,  Zsnith  32  deg.  ii  min  XX 

Firft,  Draw  a  Line  A  B,  reprefenting  the  Bafe  of  your  Reclining 
Vlainy  and  another  at  right  angles  thereto,  as  C  D,  for ‘the  Vertical 
Line  of  the  Plain,  croffing  each  other  in  Z.--^ — -  Upon  Z,  defcribe  a 
Circle,  and  upon  thePerirerie  thereof,  fet  60  deg.  (the  Plain’s  Decli¬ 
nation  )  from  C  towards  B,  at  N  ;  and  from  D  towards  W,  at  S,  be- 
catife  the  Plain  Declines  Wefterly ;  and  draw  the  Line  N  S  for  the  Me¬ 
ridian  of  the  Place,  and  fo  finifh  your  Projection. 

'  Secondly,  Take  3  2  deg.  ii  Scale  dl  Half  Tangents, 

’and  fet  it  from  Z  to  G,  upon  the  Line  C  D  ;  fo  iliall  G  be  the  pint  in 
tlie  Vertical  Line,  through  which  the  Plain  muft  pafs.  Alfo,  take 
tlie  Half  Tangent  of  57  deg.  49  min.  the  Co-Reclination,  and  fet  it 
from  Z  to  Q,  upon  the  Line  CD  alfq  ;  fo  fhall  Q^  be  the  Pole  of  the 
Vlain:  And  the  of  57  deg.- 49  min.  the  Complement  of  the 
■Reclination,  being  fet  from  G,  upon  the  Line  D  C  extended,  will  give  • 
the  Center  wlvereby  to  defciibe  the  Plain  A  G  B.  • 

Thirdly, 


PL  AIN 

Tivrrilv  Throuc^h  P,  tP.e  Pole  of  the  Worlds  and  ’(i  the  Pole  of 
the  kw;  ’ciefcribelin  Arch  of  a  Great  Circle  (bj;  the  13th  Problem 
bfthe  Imroduam  )  which  you  P-iall  find  to  be  the  lame  with  the 
Circle  of  Six,  and  therefore  the  Hour-Lme  of  Six  \vi\\  be  the  Subjh. 
hr  line  0^  the  Did,  and  the  Pole  of  this  Circle  (  by  the  latter  part 
Cf  the  Fourth  Chapter  hereof)  will  be  found  at  JE,  the  very  point  of 
the  Interfeftion  of  the  Meridian  with  the  EquinoNial. 


■  Fourthly,  The  Pequifttes  belonging  to  this  Plain  are  Four  *  as  in 
South  Declmers  Reclining  viz. 

1.  The  Difiance  of  the  Meridian  from  the  Horizon,  T  j-^pre-  ^  ^ 

2.  The  Height  of  the  Pole  or  Stile  above  the  plain,  C  fg^ted  S  ^ 

oM^he  Sdfiile''s  Diftance  from  the  Meridian,  C  .  / 

4.  The  Plaihh  Difference  of  Longitude,  y  t-  qj 

'  All  which  by  the  Projection  may  be  thus  eafily  found. 

1.  For  A  JP.,  Lay  a  Riuler  from  Q^to-Ai.^  it  fhall  cut  the  Plain  in 
the  Diftance  from  A  to  a,  meafured  upon  a  Scale  of  Chords,  will  be 
47  deg.  1 8  min.  for  the  Difiance  of  the  Meridian  from  the  Horizon, 

2.  For  P  R,  Lay  a  Ruler  from  q  to  R,  it  will  cut  the  Circle  in  b,  the 

Diftance  N  b,  hieafured  upon  ?sScale  of  will  give  42  deg.  52  m. 

for  the  Height  of  the  Pole  or  Stile  above  the  Plain, 

5.  For  Ai  R,  A  Ruler  laid  from  AE  to  R,  did  cut  the  Circle  in  b,  and 
laid  from  JE.  to  CP,  it  will  cut  the  Circle  in  c,  the  Difiance  from  ^  10  c 
will  be  found  tobe  jufi:  90  deg.  for  the  SubHiMs  Distance  from  the  Me- 
ridtan, 

4.  For  Q  P  or  JE  P  R,  that  is  alfo  90  deg.  for  the  Plaints  Diffe¬ 
rence  of  Longitude,  For  it  is  obvious  from  the  Projection,  that  all  the 
Sides  of  the  Triangle  Q  iL  R,  are  all  Quadrants,  and  all  the  Angles  by 
confequence  Right  Angles, 

The  Requi flies  being  thus  found,  the  Hour-Diftances  may  be  found 
as  in  other  Plains,  by  laying  a  Ruler  to  (T,  and  the  feveral  Points  where 
the  Hour-Circles  crofs  the  Plain,  and  where  the  Ruler  cuts  the  Primitive 
Circle,  make  marks  or  ^  ^  and  through  them,  from  Z,  draw  right 
Lines  for  the  Hours. 

In  this  Dial  the  Hour-Line  of  6  is  the  Subfile,  and  the  Hour-Line 
of  1 2  is  90  deg.  diftant  from  it,  fo  that  they  crofs  each  other  at  Right 
Angles,  as  in  all  Direfl  Plains  they  do.  And  this  DiaTis  no  other  than 
an  Horizontal  Dial  for  the  Latitude  of  42  d.  52  m.  if  you  change 
the  naming  of  the  Hours,  calling  6-12  and  5-1 1,  &c, 

II.  By  T^ngonomttncdX  Calculation  , 


To  find  the  Requi  fites. 

I .  For  A  JE^  the  Dijtance  of  the' Meridian  from  the  Horizon, 

In  the  Triangle  Z  G  JE,  right-Angled  at  G,  there  is  given  f  i  )  Z  G 
the  Plain's  Reclination  32  d.  ii  m.  f  2)  the  Angle  Z G  the 
Declination  60  d.  (f)  the  right  Angle  ZG  M,  by  which  you  may  find 
^G.  >  Thus,  '  As 


}/  endujf  ^  £i^ijhth  Tractate  Syto  J^ohi 


t 


I 


J 


t 


\ 


K 


/ 

1 


* 

I 


i 


DIALLING.  6c, 

‘As  Radius  90  deg.  1 0.00000 

To  the  Tangent  of  iRZG  60  d.  the  Declination  10.23856 
So  is  the  Sine  of  ZG  32  d.  ii  m.  the  Reclination  9.72642 

To  the  Tangent  of  iE.  G  4  2  d.  42  m.  9.96498 


•  Whofe  Complement  47  d.  18  m.  is  the  Diftance^,pf  the  Meridian 
from  the  Horizon, 

4  ' 

For  PR  the  height  of  the  Pole  above  the  Plain, 


In  the  Quadrantal  Triangle  P  ^  R, 

As  the  Sine  of  AiG42  d.  42  m.  9*^3 1??  ’ 

_  \  ' 

To  Radius  jR  R  90  deg;  lo.ooood  /V#' 

So  is  the  Tangent  of  ZG  32  deg.  ii  min;  9.79887  :  ^ 

To  the  Tangent  of  PR  42  d.  52  m.  ,  9*9^754 


Which  is  the  height  of  the  Dole  or  Stile  above  the  Plain 

3.  and  4.  For  the  other  two  Req/iifites^  the  Difiance  of  the  Suhfiile 
from  the  Meridian  R  My  and  the  Plaints  Difference  of  Longitude  Q^P  M 
or  iE  P  R,  they  are  either  of  them  90  deg.  as  is  evident  in  the 
Projection. 


And  for  the  Hour-Difiances  [ 
they  are  calculated  as  the  Hour-Di- 
ftances  for  an  Horizontal  Diaf 
wherefore  prepare  a  Table  as  is  here 
done,  fetting  the  Equinoctial  Di¬ 
fiances  againft  their  proper  Hours  ; 
And  then  by  the  .general  Analogy 
or  Proportion  fay, 

As  Radius  90  deg.  10.00000 

To  the  Sine  of  42  (1^9 

52  min.  the  Stile’s  ^9.83 270 
height  ^ 

So  is  the  Tang.of  1 5  d.c^’^^.  9^42805 

TatheTangentof  ?  g  ^ 

For  the  two  firftHours  from  Six, 
the  Subfile  of  5  and  7  on  either 
fide ;  and  fo  for  all  the  reft,  as  in  the 
Table. 


Latitude 

Declination  N. 
Reclination  . 

51 

60 

3.2 

00 

11 

Dift.  Mer.  &  Hor. 

47 

18 

Stile’s  height 

42 

52 

Deflexion 

90 

00 

Differ,  of  Long. 

90 

00 

Hours  from 
Noon. 

Equinodial 

Diffances. 

D.  M. 

1 

.  True 
Hour-Di- 
flances 

D.  M. 

6 

0 

00 

d 

00 

15 

00 

10 

20 

8  4 

30 

00 

21 

27 

9  3 

45 

00  * 

14 

14 

10  2 

60 

00 

49 

41 

II  I 

75 

00 

68 

30 

12 

90 

00 

90 

0 

f' 


t 


II.  the 


66 


PLAIN 


II.  The  Second  Variety;  of  North  Declining  Reclining  Plains^, 
where  the  Plain  pajfeth  between  the  Zenith  and  the  E-f 
quator. 

I.  By  the  Projeddion. 


Figure 

XXI 


L 


Et  this  Second  Example  be  of  a  North  Plain,  declining  Wejlward 
6o  deg.  and  Rec/intgn  from  the  Zenith  1 6  degrees. 

Firft,  draw  a  right  Line  AB,  for  the  Bafe  or  Horizontal  Line 
of  your  Reclining  Flain^  and  at  right  Angles  thereunto  another  C  D, 
for  the  Vertical  Line  of  the  Flain^  eroding  in  Z  :  ■ —  Upon  Z  deferibe  a 
Circle,  and  upon  it  from  C  to  N,  and  irom  D  to  S,  -fet  the  Plain’s  De^ 

clination  6o  d.  drawing  the  Line  N  S  for  the  Meridian  of  the  Place  r - 

Upon  which  fet  off  the  Pole  of  the  World  at  P,  and  in  the  Circle  pro- 
je0:  the  Sphere. 

Secondly,  F^ke  the  half  Tangent  of  i6  deg.  the 'Plain’s  Reclination^ 
and  fet  it  from  Z  to  H,  fo  fliall  H  be  the  Point  in  the  Vertical  Line 

C  D,  through  which  the  Reclining  Plain  muft  pafs  : - Alfo  tlie  half 

Tangent  of  7^,  the  Complement  of  the  Plain’s  Reclination^  being  fet 
from  Z  upon  the  Line  CD,  fhall  give  the  PointQ,  for  the  Pole  of  the 

Plain  - - And  fo  have  your  three  Points,  namely,  A,  H,  and  B,  through 

'wXhohtLe  Reclining  plain  muft  pafs.  The  Secant  of  the  Co-Rcclination^ 
being  fet  from  H,  upon  the  Line  C  D  extended,  will  give  you 
the  Center  wdiereby  to  deferibe  it. 

Thirdly,  Through  P  the  Pole  of  the  Worlds  and  Cfthe  Pole  oP.  the 
Plain^  draw  the  Arch  of  Great  Circle  (hy  the  i^th  Prob.  of  the  In¬ 
troduction)  and  find  the  Pole  thereof,  which  will  beat  where  the 
Plain  croifeth  the  P.c^uinoBial  Circle. 

Fourthly,  Find  the  Four  Requiftes  relating  to  this'Pto,  viz. 


1.  The  Difiance  of  the  Meridian  from  the  Horizon^ 

2.  The  height  of  the  Pole  or  Stile  above  the  Plain^ 
The  Defiexionor  Subltile'^s  Difiancefromthe  Merid^ 

4,  The  Plaints  Diference  of  Longitude^  D 


Ao; 

PR. 

RO. 

OPR. 


All  which  by  the  Projection  may  be  thus  found. 

«  ^ 

1.  For  A  O,  A  Ruler  laid  from  Qto  0,  will  cut  the  Primitive  Circle 
in  tf,  and  the  Diftance  A  4, 64  deg,  29  min.  is  the  MeridiarTs  DiftaiiQe 
from  the  Horizon, 

2.  For  P  R,  a  Ruler  laid  from  ct  to  R,  will  cut  the  Circle  in  ^,and  laid 
from  q  toPy  it  will  cut  the  Circle  in  r,  the  diftance  between  c  and  b^ 
30  d.  59  m.  is  the  Height  of  the  Pole  or  Stile  above  the  Plain, 

3.  For  R  O,  A  Ruler  laid  trom  Qto  O,  did  cur  the  Circle  in  4, 

.  and  now  laid  from  Q^to  R,  it  will  cut  the  Circle  in  the  diftance 

a  dy  64  deg.  26  min,  is  the  Defiexkn  or  Subjtile^s  Diftance  from  the' 
Meridan. 

4.  For  O  P  R,  A  Ruler  laid  from  P  to  r  (where  the  Arch  of  the 
Grp/rr  Circle  Q^P  R  crolfcth  the  Equinoctial  Circle  )  fliall  cut  the 

Clide  in  /?,  the  Diftance  S  h  deg.  10  min.  the  Plaints  Difference' 
ot  Longitude.  ^ 


\ 


Fifthly 


dialling. 

#  ¥>  * 

Fifchly,  For  the  Hmr-Diftances.,  they  are  found  in  all  refpe^lsas 
in  other  FUins.,  by  laying  a  Ruler  to  Q_>  and  the  feveral  Points 
where  the  Hour-Circles  croS  the  Flain  B  H  A,  and  where  the  Ruler 
cuts  the  Frimitive  Circle  make  nmrks  or  ^  ^  and  from  Z,  through 
thofe  marks,  Lines  drawn  fliall  be  the  Hour-Lines. 

IL  By  Trigonometrical  Calculation, 

The  firfi  thing  to  be  done  is  to  find  the  Requifites.' 


1 .  For  A  Oj  the  Diftance  of  the  Meridian  and  Horizon. 

In  the  Right  Angled  Spherical  Triangle  Z  H  O,  Right  Angled  at  H, 
there  is  given,  (^i)  The  Side  ZH  i6  deg.  the  Reclinatiort,  (2)  The 

Angle  H  Z  O  60  deg.  the  Declination^  (F)  The  Right  Angle  at  R. - 

To  find  the  Side  AO. 


As-  Radius  R  90  deg. 

» 

To  the  Sine  of  Z  H  16  deg. 

So  is  the  Tangent  of-H  Z  O  60  deg. 


10.00000 


9.44034 

10.23856 


To  the  Tangent  of  HO  25  deg.  31  min.' 


9.67890 


Whofe  Complement  AO  64  deg.  29  min.  is  the  Diftance  of  the 
Meridian  from  the  Horizon, 


i  For  P  Rj  which  muji  be  found  in  the  Triangle  PRO. 

In  which  there  is  not  yet  enough  given,  wherefore  you  muft  get 
the  Side  P  O,  by  refolving  the  Triangle  H  O  Z.  Thus, 

As  the  Sine  of  H  ZO  the  Declination  60  deg.  .  9*.9?75^ 

Is  to  the  Radius  90  deg.  H>  10.00000 

So  is  the  Sine  of  H  O  (tlie  Arch  before  found)  25-  d..  3 1  -m.  9.63425 

To  the  Sine  of  Z  O  29  deg.  50  min.  9.69672 

Unto  which  29  deg.  50  min.  if  you  add  Z  P  38  deg.  28  min.  the 
fum  will  be  68  d.  1 8  m.  and  fo  have  you  the  whole  fide  P  O. 


Now  the  two  Triangles,  O  Z  H,  and  R  0  P,  being  proportional, 
the  Side  P  R  may  be  thus  found, , 

9.69672 

9.44034 
9.96807 

19.40841 

.  9.71164 

■I 

Which  30  deg.  59  min.  is  ths  Height  of  the  Pole  or  5///?  above 
the  Plain, 

3.  For 


As  the  Sine  of  O  Z  20  d.  <0  m.  Hyp.l-  rr  •  ^  r\ 

To  Sine  of  H  Z  i6  deg.  p^^.lmTnan.ZHO 

So  is  Sine  of  O  P  68d.  18  m.  Hjp.l.  •  t>  -n 
To  Sine  of  P  R  50 d.  59  m.pZ.P^  ^rian.  PRO 
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■2.  For  O  R  the  Deaedion  or  Subaile’s  Diaance  from  [the 
Meridian. ,  ,  ,  .r 

'  In  the  two  former  Triangles  the  Sines  of  the  Bafes,  and  the  Tangents 
of  the  Perpendiculars  being  Proportional,  work  thus,  ^ 

AstheTangentof  Zfli6  deg.P^r/-W.l;j,  ZH  0*7^2  5 

Istothe  Sineot  H O  25/.  ?  i  m. 

So  is  the  Tang,  of  P  R  3  o  d.  5  9  m.  P^rp  l-^n  the  Tri.  Z  R  O  THAI 
To  the  Sine  of  R  O  64  d.  26  m.  BajeS  1 9.41 274 

9.95525 

Which  64  deg.  26  min.  Is  the  Dejlechon,  or  Subfiile^s  Diftance 
from  the  Meridian. 

4.  For  O  P  R,  the  Plains  Difference  0/ Longitude. 

As  the  Sine  of  P  R  30  deg.  59  m.  the  Btile’s  Height  9-7”^? 

\  >  ^  -  I  ■  .  I  ■  I  I  .■■■■■  PW 

To  the  Sine  of  90  deg.  the  Radius  lo.ooooo 

So  is  the  Tangent  of  R  O  64  deg.  26  min.  the  Deflexion  i o.^  2020 


To  the  Tangent  of  R  P  O  76  deg.  10  min.  20.32020 

10.60857^ 

Which  76  deg.  10  min.  is  the  Plaints  Difference  of  Longitude. 

5.  For  the  Hour-Diaances,  Plain’s  Difference  o/Longi- 

tude  being  76  deg.- 10  min. 

In  this  Dihance  is  contained  five 
compleat  Hours,  and  i  deg.  10  min. 
more,  wlierefore  the  Stile  muft 
hand  between  the  fifth  and  fixth 
Hours  from  the  Meridian.  Prepare 
therefore  a  Table  as  here  is  done, 
and  write  down  all  the  Hours,  and 
between  the  Hours  of  5  and  6,  or 
6  and  7  (  which  are  all  one,  accord¬ 
ing  as  the  Plain  declines  Eaftward 
or  Weft  Ward)  write  Subfiile',  and 
under  it,  the  remainder  i  d.  10  m. 
againft  7  and  5,  which  fubftraft 
from  1 5  deg.  and  there  will  remain 
13  deg.  50  min.  which  write  over 
Subjlile  againft  the  hours  of  6  and  6, 
And  fo,  by  the  continual  addition 
of  1 5  deg.  to  the  numbers  next  above 
and  below  Subjlile,  you  fliall  produce 
fuch  numbers  as  this  Table  affords 
in  the  fecond  Column  thereof:  from 
which  numbers,  which  are  EquL 
noclial  dijlances,  the  True  hour-dL 
fiances  upon  thtPlain  may  be  collected 
by  this  Proportion. 

■  As 


Latitude 

Declination 

Reclination 

51 

60 

16 

3^ 

00 

'00 

Dift.  Mer.  8f  Hor. 

64 

29 

Stile’s  height 

30 

59 

Deflection 

64  ' 

26 

Differ,  of  Long. 

76 

10 

Equino 

Hour 

Hours 

Ctial  Di- 

diftances 

frorh  the 

ftances. 

from  the 

Subftile. 

Subftile. 

D.  M. 

D. 

M., 

I  II 

88 

50 

87 

44 

2  10 

7^ 

50 

60 

37 

3  9 

58 

✓ 

40 

24 

4  8 

4^  . 

50 

26 

iS 

28 

50 

15 

49 

6  6 

I? 

50 

7 

^3 

The 

Sub- 

ftile. 

7  5 

1 

10 

0 

3^ 

8  4 

16 

10 

8 

29 

9  S 

10 

17 

18 

10  2 

46 

10 

28 

1 2 

1 1  I 

61 

10 

43 

5 

12  12 

76 

10 

64 

26 

'  D  I  L  L  I  N  G. 

As  Radius  90  deg.  '  10.60000 

To  the  Sine  of  30  deg.  59  min.  the  Stile’s  height  9.71 163 

So  is  the  Tangent  of  88  deg.  50  min.  the  firfl:  Equi.  Dift.  1 1.691 1 2 

41  ■  ■  ■ 

To  the  Tangent  of  87  deg.  44  min.  1 1.40275 


Which  is  the  true  Hour-Diftance  of  the  Hours  of  One  and  Ele¬ 
ven  upon  the  Plain  from  the  Subjiile :  and  fo  ■  doing  for  all 
the  rell,  you  fhall  produce  fuch  numbers  as  the  third  Co- 
lumn  .x\\Q  Table  2iSo\'Atxhy  which  may  be  transferred  from 
this  Table  by  help  of  a  Scale  of  Chords  ;  and  fo  is  your  Dial 
.  fniflied. 


III.  The  Third  Variety  of  North  Declining  Reclining 
Plains,  where  the  Plain  pajfeth  between  the  Equator  and 
the  Horizon.  ' 

I.  By  the  Proje&ion, 

Ur  Third  and  Laft  Example  fhall  be  of  a  North  Plam^  Declin¬ 
ing  Eafiward  60  deg.  and  Reclining  from  the  Zenith  54  deg. 
Firll,  Draw  a  tight  Line  A  B  for  the  Horizontal  Line^  or 
Bafe  of  the  Reclining  Reclining  Plains  and'erofs  it  at  Right  Angles  in- 

Z,  with  another  Right  Line  C  D,  for  the  Vertical  Line  of  the  Plain. - 

Upon  Z,  deferibe  a  Circle,  and  upon  it,  .from  C  to  N,  and  from  D  to 
S,  fet  60.  deg  the  Declination  of  the  Plain^  and  draw  the  Line  S  N 
for  the  Meridian  of  the  Place upon  which  fet  off  P  the  Po/^,  and  Ai 
the  Equinotliahs  interfetlion  therewith ;  and  Proje^  the  Sphere  within 
the  Circle  W  N  E  S,  as  formerly. 

Secondly,  Take  the  half  Tangent  of  54  deg.  the  Plaints  Reclination^ 
and  fet  it  from  Z  to  F,  fo  fhall  F  be  the  Point  in  the  Vertical  Line 

C  D,  through  which  the  Reclining  Plain  muft  pafs. - Alfo  the  Half 

Tangent  of  3  5,^, the  Co-Reclination  of  the  Plain^  fet  from  Z  upon  the 

Vertical  Line  CD,  fliall  give  (Ifor  the  Pole  of  the  Plain, - And  now 

you  have  "three  Points,  A,  B,  and  F,  whereby  to  draw  the  Reclining 
Plain.^  and  the  Secant  of  36  deg.  fet  from  F  upon  the  Line  C  D,  will 
give  the  Center  whereby  to  def:ribe  it. 

Thirdly,  Through  P  and  Q.,  the  P^?/^  of  the  World,  and  the  Pole 
of  the  Plain  (  by  the  12  Problem  of  the  Inirodullion  )  draw  the  Arch 
of  a  Great  Circle  Q  P  R,  and  find  the  Pole  thereof,  which  will  be  at 
q  tlie  interfeftion  of  the  Plain  with  the  Eqninoclial  Circle. 

Fourthly,  You  muif  next  find  the  Four  Reunifies  belonging  to  this 
Plain,  viz. 

* 

1.  The  Diflance  of  the  Meridian  from  the  Horizon,  ^  ^  ^  A  O. 

2.  The  Height  of  the  Pole  or  Stile  above  the  Plain,  (  S  P  R, 

3.  The  Defection  or  Subfile's  Difl.from  the  Merid.  C  s  q 

4.  The  Plain's  Difference  of  Longitude,  J  (fQ  p 
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I.  For 
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I.  For  A  O,  A  Rule  laid  from  Qto  O,  will  cut  the  Circle  in  ^5, 
and  the  Diftance  A  a  meafured  upon  the  Scale  of  Chords,  will  be  ^  5  deg. 
7 1  min.  for  the  Diftame  ol  the  J^eridian  from  the  Horizon. 

^  2.  For  P  R,  A  Ruler  laid  from  ^  to  P  will  cut  the  Circle  in  b,  and' 
laid  from  ^  to  R  it  will  cut  it  in  c,  and  the  Diftance  b  c  meafured  upon 
the  Chords  will  be  54  dSg.  43  min.  for  the  Height  of  the  Pole  or  Stile 

above  the  Plam.  , 

For  O  R,  A  Ruler  laid  from  Q^to  O,  did  cut  the  Circle  in  a,  and 

laid  from  Q.to  R,  it  will  cut  it  in  e,  fo.  the  Diftance  a  eh  125  deg, 
19  min.  for  O  R,  whofe  Complement  to  180  deg.  is  56  deg.  41  min.  for 
R  X  ;  the  Diftmce  of  the  Subftile  from  the  Meridta?/. 

4.  For  O  P  R  (  or  rather  its  Complement  O  P  Q,  equal  to  X  P  R  ) 

A  Ruler  laid  from  P  toL  ("  where  the  Ureat  Q^P  R  cuts  the 

Equinociial  Circle  )  will  cut  the  Circle  in  fo  the  diflance  S  A  6 1  deg. 
17  min.is  theP/-«/V^  of  Longitude. 

5.  For  the  Hour~Diftances,  the);  are  found  by  laying  a  Ruler  from 

Q  to  the  feveral  interfeftions  ot  the  Hour-Ctrcles  of  the  Projection 
with  the  Reclining  Plain,  and  where  the  Ruler  cuts  the  Primitive- 
Circle^  make  marks  through  which  Points  or  mai-ks,  if  you 

draw  Lines  from  the  Centre  Z,  they  fliall  be  the  true  Hour-Lines 
ioYthxs  Dec  lining  Reclining  Plain. 

II.  By  yngoxxomttncdX  Calculation. 

The  firft  thing  to  be  done  is  to  find  the  Requifites,  and  tliey  will 
be  all  found  in  the  three  Spherical  Triangles  Z  F  O,  OPR,  and 
B  N  X. 

I.  For  AO,  In  the  Triangle  ZFO,  there  is  given  f  i  )  ZF  the 
Plain's  Reclination.  (  2  )  O  Z  F  the  Plain's  Declination,  and  ("  ^  )'  The 
Right  Angle  atF.  To  find  O  A,  or  its  Complement  O  F, 

,  As  the  Radius  90  deg.  .  lo.coooo 


X 


To  the  Sine  of  ZF  the  Reclination  54  deg.  9.90795 

So  is  the  Tangent  of  O  Z  F,  the  Declination,  60  deg.  '  1 0.2  3  8  56 

- ^ 

TotheTangent  of  FO  54  deg.  29  min.  10^4651 

Whofe  Complement  is  A  O  35  deg.  3 1  min.  for  the  Subflile's 
Difiance  from  the  Meridian. 


2.  For  RO,  In  the  Triangle  OPR  there  is  not  yet  enough  given  j 
therefore,  Firft  find  the'  fide  ZO  in  the  Triangle  O.'ZF. 

As  the  Sine  of  the  Plain’s  Declination  O  Z  F  60  deg. 


9'9375I 


To  the  Radius  90  deg. 

So  is  Sine  of  Dift.  of  Mer.  and  Hor.  O-F  54  d.29  m. 


lo.coooo 

9.91059 


9.97306. 


To  the  Sine  of  ZOyodeg.  2  min.  . 

Unto  this  70  deg.  2  min.  add  Z  P  38  deg.  28  min.  die  fum  is 

108  deg.  30  min. 

TJien 
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Then  by  the  two  Proportional  Triangles  O  Z  F  and  OPR. 

As  the  Sine  of  O  Z  70  d.  i  m.  Hypotenufe  1  intheTria.  9.97?of 

To  the  Sine  of  Z  F  54  d.  Perpendicular  j  O  F  Z - - 

So  Co-fineof  P  O  to  180-71  d.  m.  Hyp,  1  intheTri,  9*9°79^ 
To  the  Sine  of  P  R  54  d.  45  m.  Perpendicular  j  O  P  R  9*97^9^ 

,  •  19.88492 
9.91185 

Which  is  the  Height  of  the  Pole  or  Stile  above  the  Plain, 


3.  For  R  O,  or  its  Complement  R  X,  Continue  the  Tides  O  P  and 
O  R  of  the  Triangle  OPR,  and  you  fhall  conftitute  another  Tri~ 
angle  N  X  B,  .and  then  the  Proportion  for  finding  R  O  will  be; 

As  the  Tangent  of  Z  F  the  Reclination  <4  deg.  '  "  10.1^874 

ToSineof  F  O,  Co-dift.ofMer.  and  Hor.  54d.  29  m.  9.91059 

So  is  the  Tangent  of  P  R,  the  Stile’s  Height  54  d.  45  ra.  lo.i  5021 

To  the  Sine  of  R  X  56  deg.  42  min*  20.06080 

9.92207 

Which  56  deg.  42  min.  is  the  Subfiik'^s  Difiance  from  the  North 
part  of  the  Meridian.,  whofe  Complement  to  180  deg.  is 
123  d.  19  m.  its  difiance  from  the  South  part  thereof. 

4.  For  the  Angle  O  P  R,  or  its  Complement  R  P  X ; 

As  the  Sine  of  P  R,  Stile’s  Height  54  deg.  43  min.  9.91184 

To  Tan.  of  R  X,  Subfile’s  dift.  from  Mer.  56  d.42  m.  10.13851 

So  is  tlie  fine  of  P  R  X,  Radius  90  deg  .  10.00000 

To  the  Tangent  of  R  P  X  61  deg.  48  min.  10.27067 

R  P  X  being  61  deg.  48  min.  is  the  Angle  counted  from  tht  North ^ 
therefore  the  Angle  O  P  R,  the  Complement  to  180  deg.  is 
1 1 8  deg.  1 3  min.  the  Plaints  Difference  of  Longitude  reckoned 
from  the  South, 

Thefe  things  prepared,  I  proceed  to  make  the  Table  for  the  Hour- 
Diflances  from  the  Subfiile,  wherein  confidering  that  the  Angle  P,  the 
Viam'‘s  Difference  of  'Longitude  is  1 1 8  deg.  1 2  min.  reckoned  from  the 
South,  whereof  90  deg.  is  anfwerable  to  6  Hours,,  and  105  to  7  Hours, 
md  there  is  yet  remaining  1 3  deg.  1 3  min.  it  is  evident,  for  the  Sub-  * 
flile  muff  be  drawn  between  the  Seventh  and  Eighth  Hour  from  the 
South  part  of  the  Meridian,  or  between  the  Fourth  or  Fifth  Hour 
•eckoned  from  the  North'  part. 

Wherefore  fet  the  Hours  down  as  in  the  Table, between  the 
[fours  of  4  or  8,  and  5  or  7,  write  Subfiile,  fetting  the  renftainder 
\  I  deg,  1 3  min.  under  Subfiile,  and  the  Complement  thereof  to  1 5  deg. 
’Az,  T  deg.  47  min.  over  Subfiile,  and  by  the  continual  addition  of 
[  5  deg.  to  both  thefe  numbers,  you  fliall  produce  the  Equinoctial  Di¬ 
fiances 
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.Latitude 

Declination 

Reclination 

51 

60 

54 

32 

oc 

00 

Dift.Mer.&Hor 
Stile’s  height 

Deflection 

Differ,  of  Long. 

?5 

54 
r  123 

r  1 18 

31 

43 

19 

41 

13 

74 

Equino  - 

Hour- 

Hours 

dial  Di- 

diftances 

from  the 

fiances. 

from  the 

Subftile. 

Subftile. 

D. 

M. 

D.- 

M. 

II  I 

7^  . 

47 

73 

57 

12 

61 

47 

5^ 

41 

I  II 

46 

47 

40 

59 

2  10 

32 

47 

26 

50 

^  ? 

16 

47 

13 

50 

4  ^ 

I 

47 

I 

27 

The 

Sub- 

ftile. 

5  7 

13 

13- 

10 

51 

6  6 

28 

13 

23 

39 

7  5 

43 

13 

37 

29 

8  4 

58 

13 

52 

48 

9  3 

7? 

13 

43 

10  '2 

|88 

n 

87 

49 

fiances  as  in  the  Second  Column  of 
the  Table :  And  thofe  by  the  gene¬ 
ral  Canon^  will  help  you  to  the  true 
Hour-Difiances  upon  your  Plain, 
For, 

As  Radius  90  deg.  10.00000 

To  the- Sine  of  54  d.  p 

43  m.  the  Stile’s  >  9.91185 

Height  j 

So  is  the  Tang,  of  28d.7 

13  m.  the  Equi.  Dift.r  9.72963 
for  6  a  Clock  ^ 


To  the  Tang,  of  23  d.  1  ^ 

59  m.  ^  .  1.  ^  ^  ^ 

Which  is  the  true  Difrance  of 
the  Six  a  Clock  Hour  from 
the  Subfiile  of  the  Dial, 

And  thus  continuing  this  Propor¬ 
tion  through  all  the  PcpuinoNial 
DifianceSy  you  will  in  the  end  have 
fuch  numbers  to  every  Hour  as  the 
third  Column  of  the  Table  fheweth, 
which  are  the  true  Hour-Difiances y 
counted  from  the  Subfiile  upon  your 
Plain. 


The  Meridian^  Horizon,  Subfiile  and  Hour -Difiances  may  be  tranf- 
ferred  from  this  Table  to  the  Dial-Plain  at  pleafure,  by  help  of  a 
large  Chord  and  Beam-Comp  a jfes. 


c  H  A  P.  XIX. 

Of  Dial  Plains^  and  how  one  Plain  may  be  deduced  from  ano¬ 
ther,^  a  North  jrom  a  South^  an  Eaft  jro7n  a  Weft^  a  North 
Decliner  jfro/?;  a  South  Decliner;  Inclining  Plains 
from  Recliners  offojite  to  them, 

AS  there  w'ere  Six  Varieties  of  DireH  Reclining  Plains,  and  as 
many  0^  Reclincrs  which  do  aifo  decline  ;  fo  there  are  as 
rnany  or  l3oth  forts  which  do  Incline,  and  Incline  and  Decline  alfo  ; 
r  XT  u  be  expeHed  I  lliould  give  particular  Examples,  as 

01  iN  Orth  and  South  Direfl  Recliners,  and  North  iuxl  South  Recliners 
which  do  alio  decline.  -  But  for  as  much  as  a  DireH  North 
Dia  may  be  deduced  from  aDireH  South  Dial,  and  a  Direft  Weft 
Dial  from  a  Dired  Eaft  Dial ;  as  by  Chap.  Vlil.  F/./.  H  and  III,  and 

Chap. 


DIALLING. 

I 


ChApA^L.  Fig.  IV,  and  V,  of  this  Tra£late  do  plainly  demonftrate:  Sd 
from  a  South  Declining  Plain,  may  a  North  Declining  Plain  alfo^  be 
deduced ;  and  this  is  alfo  demonftrated  in  Chap,  XII,  Figure  VI  and  Vllj 
at  the  end  of  which  1 2th  Chapter  I  ufe  thefe  words,  [  “  From  this  South 
‘‘Plain  declining  Weft,  a  South  Dial  is  alfo  Declining  Eaft  30  deg. 

“  turning  of  the  Eaft  fide  to  the  Weft  fide,  and  the  contrary ;  and  by 
“  changing  the  names  of  the  Hours,  by  calling  ii  One,  10  Two, 

“9  Three,  &c,  Alfo  i  Eleven,  2  Ten,  3  Nine,  &c.  The  Fore- 
“noon  Hours  in  the  Weft  Declining  Dial  being  the  Afternoon 

“  Hours  in  the  Eaft  Declining  Dial,  and  the  contrary] -  Now 

becaufe  thefe  kind  of  Dials,  are  of  all  other  moft  common  in  ufe, 
and  to  make  them  the  more  confpicuous  to  every  Mans  Eye ,  I  have  in 
this  Chapter,  Figure  XXIII,  made  Four  Dials  together,,  all  of  them  de- 
duced  from  one  Dial,  namely,  A  South  Declining  Eaft  and  Weft  30  deg.  XXIII^ 
and  a  North  Declining  Eaft  and  Weft  as  much,  only  placing  the  num¬ 
bers  of  the  Hours  and  Stile  refpe^lively  upon  each  Plain.  In  which 
XXIII  Figure^  you  may  plainly  fee,  that  there  is.  no  difference  at*  all 
between  the  South  declining  Eaft,  and  the  South  declining  Weft,  but 
that  the  Forenoon  Hours  on  the  Left  Hand  of  the  Meridian  in  the 
Eaft  Dial,  are  become  the  Afternoon  Hours,  and  on  the  Right  Hand 
of  the  Meridian  in  the  Weft  Dial,  and  the  contrary.  The  Stiles  of 
the  Dials  alfo,  muft  of  neceflity  change  their  places,  for  the  Stile 
which  in  the  Eaft  declining  Dial  ftands  between  the  Hour  Lines  of  9 
and  10  in  the  Fore-noon,  ftands  between  the  Hour  Lines  of  2  and  3  in 
the  Afternoon  — —  And  in  this  XXIII  Figure  you  may  alfo  obferve 
that  each  North  Dial  is  formed  out  of  its  correfpondent  South,  by 
only  drawing  of  the  Hour  Lines,  Stile  and  Subftile,  of  the  South 
Dial  through  the  Center.  And  To  is  the  North  declining  Weft  Dial 
30  deg.  deduced  from  the  South  declining  Eaft  Dial  30  deg.  And  the  - 

North  declining  Eaft  Dial,  out  of  the  South  declining  Weft - And 

from  hence  it  follow  eth  of  neceflity,  that  the  South  fide  of  the  Plain 
declining  Weft,  the  North  fide  thereof  declineth  as  much  towards 
the  Eaft,  and  the  contrary.  And  this  alfo  holdeth  in  all  other  Dials, 
as  fhall  be  made  appear.  For, 

In  the  14th  Chapter  of  this  Tradlate,  Figure  IX,  you  have  an  Eaft 

Incliner,  deduced  from  a  Weft  Incliner - In  Chapter  XV  Se£l:ion  2, 

Figure  XI,  You  have  a  North  Inclining  Dial  25  deg.  deduced  from  a 
South  Dial  Reclining  as  much,  namely,  25  deg.  —  Alfo  Chap. 'KYly 
Sect.  2  and  3,  Fig.  XIV  and  XV ;  by  the  former  Artifice  may  two 
South  Incliners  be  deduced  from  the  two  North  Recliners,  although 
Lines  are  not  drawn  (  becaufe  the  Hour  Lines,  proper  for  the  Recli¬ 
ners,  do  occupy  both  .  parts  of  the  Plain,  above  and  under  the 
Hours  of  Six  )  yet  the  reafon  of  effeding  what  is  here  intended,  may  . 
be  eafily  conceived. 

Again,  In  this  Chapter  Figure  XXIV,  You  have  a  North  Reclining  figure 
Plain  declining  Weft  ward  60  deg.  And  if  from  thence  you  would  XXIV. 
anake  a  South  Inclining  Plain  declining  30  deg.  the  very  fight  of  the 
Figure  is  enough  to  inform  you.  But  leaft  any  doubt  fholild  arife.  Let 
^  L  4?  5)  t)e  the  Hours  of  the  Recliner,  and  D  S  the  Stile 

thereof,  which  drawn  through  the  Center  to  E ,  take  the  diftances 
of  each  Hour  from  D,  and  fet  them  from  E,  the  Hours  under  D  above 
E ,  and  the  contrary;  or  elfedraw  them  all  through  .the  Center,  Stile 

U  and 
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and  all,  to  the  oppofite  fide  of  the  Plain,  as  you  did  the  Subfile,  and 
fetthe  fame  Numbers  to  the  Hour-Lines  continued  that  were  in  the' 
Recliner,  fo  have  you  made  the  Inclining  Dial  to  the  fame  Plain,  which, 
notwithftanding,  muftbeprickt  through  the  Paper,  and  taken  on  the 
other  fide  thereof. And  here  you  may  obferve  how  the  two  Dials  * 
are  divided  one  from  the  other.  The  Center  of  the  Recliner  down-' 
wards,  and  the  Axis  S  F,  with  the  Hours  pointing  upwards  to  the 
North  Pole,  and  the  Axis  N  G,  with  the  Hours  thereof,  pointing 
downwards  towards  the  South  Pole,  and  the. whole  Diurnal  Arch  of 
i6  Hours  fupplied  by  the  two  Plains;  the  Incliner  receiving  the  Sun 
at  Four  in  the  Morning,  and  the  Recliner  continuing  the  fame  till  Eight 
at  Night,  and  when  the  Sun  forfakes  the  Inclining  Face,  it  illuminates 
the  Reclining  or  upper  Face — And  for  further  Satisfadion  and  Expla¬ 
nation  of  what  in  this  Chapter ‘hath  been  delivered,  Let  the  upper 
Face,  or  the  Recliner  ASF,  be  turned  about  till  it  become  the  neather 
part,  or  the  Incliner  B  N  G,  and  after  this  converfion,  let  the  Hour- 
Lines  on  the  right  hand  of  the  Subftile  near  D  in  the  Recliner,  be 
made  the  Hours  on  the  left  hand  of  the  Subftile,  near  E,  in  the  Incli¬ 
ner;  and  the  contrary,  which  may  cafily  be  done,  by  fuppofing 
A  F  S  to  be  carried  about  the  Center  S  Horizontally  (with  the  reft  of 
the  Dial  )  till  F  become  placed  in  G,  and  A  in  B,  and  then  you  fliall 
'fee  the  Incliner  is  the  very  fame  as  the  Recliner  was,  and  fo  by  conle- 
quence  the  one  formed  out  of  the  other. 
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SUP  PL  E  M  E  N  T 

TO  THE' 

FIRST  TRACTATE: 

SHEWING 

General  and  Eajie  iVay  to  ProjeH  Hour- 
Lines  upon  all  Sorts  of  Plains,  according  to 
the  Rules  of  Stereographick  or  Circular  Pro- 
je6tion  of  the  Sphere  in  Plano. 


HAving  in  the  foregoing  Tractate  fliewed  how  to  defcribe  Hour-^ 
Lines  upon  all  forts  of  Plains^  how  much  and  in  wliat  La¬ 
titude  Ibevcr  fituate,  by  Proje^ing  of  the  Sphere  fuitable 
to  the  Latitude  of  the  Place  where  any  fuch  Dial  is  to  be 
made;  and  difcovered  thereupon  the  Spherical  Triangles^  whereby 
the  Kecpuifttes  belonging  to  every  may  be  Calculated  by  the  Can- 
cns  of  Artificial  Sines  and  Tangents^  (which  of  all  others,  is  the  moft  ejc- 
acl  and  abfolute  way  of  Performance')  it  may  feem  iinneceffary  to  fay  any  . 
thing  more  concerning  that  matter  in  this  place. 

But,  forafmuch,  as  it  is  there  required  firfi:  to  Proje^  the  Sphere  upon 
the  Horizon  of  the  Place^  and  defcribe ,  the  Meridians  and  Hour-Circles 
thereupon;  and  then  the  Great  Circle  which  is  to  reprefent  thQ Plain: 

I  fliall  here  (  to  exprefs  the  more  variety  in  Proje^ion^  and  )  for  the 
fatisfa^lion  of  the  more  inquifitive  Readerin  tliis  matter ;  briefly  difco- 
ver  unto  him,  how  to  defcribe  Hour-Lines  upon  all  forts  of  Plains  (ac¬ 
cording  to  the  Rules  of  Stereographick  Projeclion)  without  the  drawing 
of  the  Meridians  or  Hour-Circles  upon  the  Projection ;  but  by  making 
the  Fundamental  or  Primitive  Circle  to  reprefent  the  Dial-Plain  it 
felf,  what  ever  it  be  ;  whether  Horizontal^  'Fertical^  Direct,  Declining, 
Reclining  or  both  ;  giving  Examples  in  all  the  Varieties  Plains  mentio¬ 
ned  in  the  foregoing  Traftate. 

And  to  pafs  by  the  Eight  firfi  Chapters  of  the  faid  Tractate  as  confiffing 
of  fuch  things  as  are  common  to  all  forts  of  Projections  of  the  Sphere,. 
and  to  all  kinds  of  Dialling,  whether,  Arithmetical,  Geometrical oy  Injlru- 
mental ;  I  fliall  begin  with  the  Example  in  CHAP.  IX.  which  is, 
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SECT 


SUTT  LEM  E  NT  to  the 


SECT.  1. 

How  to  draw  an  Horizontal D/W  in  any  Latitude:  viz,  Lon¬ 
don,  whofe  Latitude  is  5  i  d.  3  am.- 

1  T  Pon  Q. ,  as  a  Center,  defcribe  a  Circle  to  reprefent  your  Horiz,on- 
^  L  I  tal  Dial  Vlatn:  And  crofs  it  with  the  Diameters  N  S,  for  the  Me¬ 
ridian  and  Hour  Line  of  12,  and  WE  for  the  Hour  Line  of  6,  croffing 
each  other  in  Q ,  the  Center  of  the  Did  Plain. 

Then,  the  Latitude  being  51  d.  32  m.  take  51  d.  52  m.  out  of  your 
Scale  of  Chords^  and  fet  them  from  S  to  a^  and  from  W  to  a  Ruler 
laid  from  W  to  will  cut  the  Meridian  in  P,  the  Pole  of  the  World  [or. 
The  half  Tangent  of  38  d.  28  m.  [the  Complement  of  the  Latitude  being  fet 
from  a.,  will  give  the  fame  Point  P^  for  the  Pole  of  the  WorW]  Alfo,  a  Ru¬ 
ler  laid  from  E  to/',  will  cut  the  Meridian  N  S  in»iE,  the  point  of  the 
interfe8:ion  of  the  Meridian  and  EquinoHial  [  or.  The  half  Tangent  of 
the  Latitude  51^.  '^2.m.  Jet  from  Q,  will  give  the  fame  Point  ]  And  now 
you  have  three  Points,  viz.  W  E,  through  which' you  may  draw  the 
Equinoclial  Circle  W  A£  E,  whofe  Center  is  at  C,  and  the  Semidiame¬ 
ter  thereof  ^  C,  equal  to  tjie  Secant  of  38  d.  28  m.  the  Complement  of 
the  Latitude. 

This  done,  Divide  the  Semicircle  W  N  E,  into  1 2  Equal  Parts,  at  the 
Points  0  o  ©,  &c.  Then  lay  a  Ruler  to  Q,,  and  every  one  of  thofe 
Points  ©  ©  ©,  and  the  Ruler  will  crofs  the  Equinotlial  Circle  WAE  E, 
in  the  points  jc  jc  jc,  &c.  dividing  it  into  1 2  unequal  parts.  Again,  Lay 
a  Ruler  to  P,  the  Pole  of  thQ  World^  and  to  every  of  the  Points  xocx^ 
&c.  and  it  will  cut  the  Circle  W  N  E  (reprelenting  the  Horizontal 
Plain')  in  the  Points  i,  2,  3,  &c.  on  one  fide  of  N,  and  in  1 1, 10, 9,  &c. 
the  other  fide. 

Laftly,  From  the  Center  Q,  and  through  thofe  Points  i,  2, 3  :  9, 10, 
II,  &c,  draw  RightT/ines,  and  they  fhall  be  the  tm^Hour  Lines 
for  ?in  Horizontal  Dial  [or  xho  Latitude  5  id.  32m. 

For  the  Stiles  height  (which  is  always  equal  to  the  Latitude  of  the 
Place)  and  for  th^placing  of  it,  fee  the  9th  Chapter. 

TheX^^  Chapter  is.  To  make  an  Erect  Dir eB  South  or  North  Dial: 

- Now  a  South  or  North  Dial  in  any  Latitude^  is  no  other  than  an 

Horizontal  Dial  in  that  Latitude  which  is  equal  to  the  Complement  of 
the  other  Latitude^  fq  an  EreB  DireB  South  Dial  for  the  Latitude  of  Lon¬ 
don  5 1  deg.  3  2m.  is  no  other  then  an  Horizontal  Dial  made  for  the  La¬ 
titude  of  38  deg.  28  min.  And  may  be  made  by  the  Artifice  deliver’d 
in  this  SeBion, 

The  yCith  Chapter  is.  To  defcribe  Hour  Lines  upon  an  EreB  DireB 

Eajl  or  Weft  Plain - Eaft  and  Weft  Dials  in  all  Latitudes  are  the 

lame,  and  may  be  made  by  the  Rules  delivered  in  the  1  ith  Chapter 
with  this  only  :  That  the  EquinoBial  Line  G  H  in  tho^o  figures^ 

mufl:  make  an  Angle  with  the  Horizontal  Line  of  the  Plain  DC,  equal 
to  the  Complement  of  the  Latitude  of  the  Place  for  which  the  Dial  is  to 
be  made.  SECT. 


I. 


s 


FirB  TRACTATE. 


SECT.  ir. 

How  to  defcribe  Hour  Lines,  u^on  an  EreSl  South  or  North 
'  Flain^  Declining  Ea§l  or  We§l. 

IN  the  Latitude  of  London^  which  is  51  deg.  52  min.  Let  it  be  re- 
c][uired  to  make  a  South  EreU  Dtaly  Declining  EaB  or  West  50 
degrees. 

This  is  the  Work  of  CHAV,  XII.  And  fuch  a  Dial  may  be  made 
by  this  \Y2iy  ProjeBiony  by  thefeK«/fj  following. 

Firft,  Upon  Q ,  as  a  Centre,  Defcribe  a  Circle  to  feprefent  your  H 
Vpright  Declining  VUin^  G  ;  crofs  it  with  the  two  Diameters  Z  iV 
for  the  V ^.rtkd ;  and  H  (X  O  for  the  Horizontal  Line  of  the  Vlain, 
Secondly,  Out  of  your  Scale  of  Chords  take  deg.  thcrPlains  Declina¬ 
tion  and  fet  them  from  N  to  c,  if  the  Declinationhc  Eajlward  (as  here  it 
is)  or  from  N  to  if  the  Declination  had  been  Wefiward ;  Then  lay  a  Ru¬ 
ler  fromZ  to  and  it  will  cut  the  Horizontal  Line  of  the  Plain  in  K,  fo 
have  you  three  Points  Z,  K  and  N,  by  which  to  draw  the  Arch  Z  KN, 
for  the  Meridian  of  the  Place  [  Or,  The  half  Tangent  of  deg.  fet  from 
Cf  will  give  the  fame  IC-  And  the  half  Tangent  of  60  deg^  the  Complement 
thereof ffet  from  Q,  will  give  you  the  Point  W,  for  the  West  Point  of  the 
Horizon  and  Pole  of  the  Meridian.']  And  the  Secant  of  6od.  fet  from  K , 
upon  the  Line  K  H,  extended,  will  give  the  Centre,  whereon  to  defcribe 
the  Meridian  Circle,  *  , 

Thirdly,  Out  of  your  Scale  of  Chords.^  take  51  deg.  52m.  the  LatL 
tude  of  the  Place,  and  fet  them  from  O  to  and  from  N  to  ^  A  Ruler 
laid  from  W  to  will  crofs  the  Meridian  in  P,  the  Pole  of  the  World  ■: 
and  laid  from  W  to^,  it  will  crofs  the  Meridian  \n  the  Point  where 
x\\z'.  Equinoctial  Circle  will  cut  the  Meridian:  And  thus  have  you  two 
Points  W  and  My  through  which  you  may  (by  the  12th.  Prop..2Lt 
the  beginning  of  this  Book)  defcribe  the  Equinotfial  Circle  W  ^  E 
which  will  (being  continued  without  the  Circle)  crofs  the  Horizontal ' 
of  the  Plain  H  O ’(that  being  continued)  in  E,  which  is  the  East 
Point  of  the  Horizon, ' 

Fourthly,  Through  P,  the  Pole  of  the  Worldly  and  Q. ,  the  Pole  of 
the  Plain,  draw  P  Q_for  the  Axis  of  the  Worldy  Suh filar  line  oi  your 

D/W,  in  which  Line  the  Centre  of  the  will  be.  .  . 

Fifthly,  Divide  the  fpaqe  between  W  and  E,  into  two  equal  parts  in 
G,  and  on  G,  ere£l  a  Perpendicular,  which  will  cut  the  of  the 

World  P,  extended,  in  F,  which  is  the  Centre  of  th£  Equinoctial 
Circle :  (if  you  have  truly  wrought.)  .  ' . 

Sixthly,  From  P  the  Pole  of  the  World,  lay  a  Ruler  to  My  the  in- 
terfedlion  of  the  Meridian  with  the  Equinoctialy  and  it  will- cut  the  Cir¬ 
cle  in  B  ;  At  this  point  13,  begin  to  divide  the  Semicircle  H  N  O, 
into  1 2  equal  parts,  at  the  points  ©00  &c, 

=  Seventhly,  From  (i(the  Pole,  of  the  Plain)  lay  a  Ruler  to  every  of 
PciQ.Points  ©  ©,  &c,  and  it  -will  crofs  the  Equinoctial  Circle 
in  the  Points  X  X  X,  &c. 

Eighthly,  lay  a  Ruler  to  P,  (the  Pole  of  the  World)  and  every  of  the 
Points  ^  ^  c^c.  and  it  will  cut  the  Primitive  Circle  reprefentiiig the 
Plain  in  the  Points  N,  9,  10,  1 1,  N,  i,  2,  3,  &Cy  Through  which 

X  Points  5 


SU?  P  LEMENT  to  the 


Points ;  Lines  drawn  from  the  Centre  Q ,  fliall  be  the  irmHour  Lines 
of  an  Ere^  South  FUm^  Declining  Ea/lmrd  deg,  in  the  Latitude  of  51 

deg.  3 ‘2  min. 

Concerning  the  Requijites  bel»)nging  to  any  Upright  DecUmng^  Plain 
they  are  all  of  them  reprefented  to  the  eye,  in  the  Spherical  Triangle 
Z  I'  V,  Right  angled  at  1\  In  which 

r  Z  T,  is  the  Diftance  of  the  Subjlile  from  the  Meridian  2149 
The  Side  <Z  P,  the  Complement  of  the  Latitude  of  the  Place  3  8  28 
<~T  P,  the  height  of  the  above  the  Plain  32  36 
rPZT,  the  Complement  of  the  Declination  60  00 

The  Angle^  Z  P  T,  the  •  Plains  Difference  of  Longitude  ^'6  25 

C.Z  T  P,  is  a  Right  Angle.  ■  *  90  00 

And  all  t\iQ{Q  may  he  hund  by  Trigonometrical  Calculation^  as  is  fliewed 
at  large  in  the  forefaid  1 2th.  Chapter^  As  alfo,  the  manner  how  to 
place  the  and  from  one  D/^/ to  make  F<3//r  of  the  fame 

Declination,,  &c. 

The  Xlllth.  Chapter  Is,  Tt?  dra]v  Hour  Lines ^  upon  a  South 'or 
North  Plain,,  which  Declines  many  Degrees  toward  the  Ealt  or  WeH, 

For  the  making  of '  fuch  DWj,  no  better  ways  can  be  preferibed 
than  are  there  delivered  in  the  faid  Chapter  and  fo  1  fay  no  more  of  them 
iivtilis  place. 

The  XLf  th  Chapter  Is,  How  to  deferibe  Hour  Lines  upon  Direct  East 
or  JVesl  Reclining  Plains, 

Hour  Lines  may  be  deferibed  upon  fuch  Plains  by  the  Precepts  de¬ 
livered  in  this  Seftion ;  if  firll  you  reduce  them  to  a  New  LatL 
tude,  and  a  New  Declination,  wherein  they  may  become  Upright  De¬ 
clining  Plains  in  that  Rfeva  Latitude :  Which  is  very  eafie  to  be  done 

- - -  For  a  DireB  East  or  Weil  Dial  Reclining  j  5  deg.  in  the  Latitude 

of  51  deg.  3  2  min.  (and  fuch  a  Plain  isx\\q  Example  m  Chap.  14)  may 
be  Reduced  to  a  2iX\A  New  Declination.  For,  ThQ'New  La¬ 

titude  will  be  the  Complement  of  the  Old  Latitude:  And  the  AW  Declina¬ 
tion  the.  Complement  oiiho.  Reclinatign:  So,  the  above-mentioned  Plain^ 
will  be  3.  South  plain  Declining  55  deg.  in  the  Latitude  of  38  deg.  28  m. 
And  a  Dial  made  to  fuch  Latitude  ^Declination  fliall  be  an  EaU  or 
JTesl  Dial  Reclining  ^  5  deg.  in  the  Latitude  oh  5 1  deg.  3  2  m.  But,  where¬ 
as  in  the  Upright  Declining  Plain  the  Hour  Line  of  1 2  is,  always,  Per¬ 
pendicular  ;  fo  the  Line  of  1 2  in  the  Reclining  Plain,  muft  be,  always. 
Parade  I  to  the  Horizon.  For  finding  the  belonging  to  thefe  . 

plains',  &c.  Seethe  Rules  2inA  Cautions  in  Chap.  14, 

The  XV  th.  Chapter  fheweth,  How  to  draw  Hour  Lines  upon  Direct 
South  Dial  Plains  Reclining  from  the  Xeniih. 

Of  thefe  there  are  Varieties,  and  all  of  them  are  Reducible  to 
New  Latitudes  vjhexe  they  whhe  Horizontal  Plains',  for,  the  height  of 
the  Stile  or  Pole  above  any  South  Direct  Reclining  Plain,  is  the  New  La¬ 
titude  wherein  that  Reclining  Plain  would  be  an  Horizontal  Plain:  Now 
the  three  Varieties  of  the  Plains  there  mentioned  have 


rFirft  p 

In  theJ  Second  ^Variet\0  i  ?  28  theheight  of  the 

cThird  J  ^2  J  P<?/^  above the-Plain. 

And  fo,  Horizontal  Dials  for  thofc  > Latitudes,  being  made  according 
to  the  Direftions  in  the  Fir  si  SecHon  hereof  will  be  fuch  Reclining  Dials 
as  are  taken  for  Examples  oh  the  Three  Varieties  in  that  Chapter, ^wheve, 

how 
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Firsl  TRACTATE. 

how  to  find  the  Height  of  the  Pole  above  any  South  Reclining  Plain  is 
plainly  taught,  as  alfo  how  to  place  the  Stile  and  Dial^  &c. 

The  XVIth  Chapter  Sheweth  ;  How  to  draw  Hour  Lines  upon  Direci 
North  Dial  Plains  Recliningfrom  the  Zenith, 

Ofithefe  alfo  there  are  Three  Varieties)  Reducible  alfo  to  New  Lati^ 
t udes  vjhQi'cm  they  will  become  Horizontal  Plains  \  And  how  to  find 
thefeA/fjv  Latitudes^  which  is  the  height  of  thQ  Pole  ov  Stile  above  the 
Plains,  is  there  fliewed  and  '  ' 

In  the^Second  VVarietyMj  28  the  height  of  the  Pole 

cThird  J  ^71  J  or  Stue  above  thQ  Platn. 

And  fo  Horizontal  Dials  made  for  thofe  Latitudes,  fhall  be  fuch  ReclL 
fling  Plains  as  are  the  Examples  in  the  abovefaid  1 5th  Chapter, 


SECT.  III. 

How  to  defcribe  Hour  Lines  upon  fuch  Plains,,  as  do 
both  Decline  from  the  North  or  South^  and  Recline  from 
the  Zenith  of  the  Place. 

OF  thefe  Plains  there  are  two  kinds  principally,  viz.  fuch  whofe  Fa^ 
ces  behold  the  South,  and  fuch  whofe  Faces  behold  the  North : 
and  in  either  of  thefe  there  are  Three  Varieties,  of  which  you  may  fee  fe- 
veral  Examples  \r\  the  17th  and  i8th  Chapters  of  the  preceding  Tra~ 
6iate.  It  fliall  fufiice  therefore  (in  this  Supplement')  to  give  only  two  Exam- 
pies.  One  a  South  Plain  Declining  Eajlward  '^o  deg.  and  Reclining  from 
the  Zenith  5  5  degrees.'  And  another  of  a  North  Plain,  Declining  IVeJl^  ^ 
ward  60  deg.  and  Reclining^  from  the  Z^f^ith  54  deg.  both  in  the  Lati¬ 
tude  oi  5 1  deg.  52  m.  Examples  of  both  which  you  fliall  find  in  the 
three  Varieties  of  the  two  above-mentioned  Chapters. 

The  third  V ariety  in  the  XVIIth  Chapter  Is  How  to  defcribe  Hour 
Lines  upon  a  South  Plain,  Declining  Eajlward  ^  o  deg.  and  Reclining  from 
the  Zenith  55  deg.  in  the  Latitude  of  ‘yi  deg,  32  Now,  to  make  fuch  a 
Dial  by  this  Artifice,  you  muft, 

Firlf,  Upon  Q,  as  a  Centre,  defcribe  a  Circle  to  reprefent  your  De¬ 
clining,  Reclining  Plain)  and  crols  it  at  Right  .angles  in  Q^,  with  the 
Diameters  H  O,  for  the  Horizontal,  and  V  X  for  the  Vertical  Lines  of 
the  Plain. 

Secondly,  Take  55  deg*  the  Re  din  at  ion,  and  fet  them  from  V  to 
and  fromO  to  a  Ruler  laid  from  H-to  will  give  the  Point  Z,  for 
the  Zenith  of  the  Place,  and  from  Hto  ^,it  Will  give  the  point  R,for  the  in* 
terfeft  ion  of  the  Vertical  Line  of  the  Plain,  with  the  Horizon  of  the  Place : 
fOr,  The  half 'Tangent  of  3  5,  the  Complement  of  the  Reclination  fet  from 
a,  will  give  the  point  2j,  and  the  half  Tangent  of  55,  the  Reclination  will 
give  the  point  R]. 

'  Thirdly,  Through  the  three  Points  H  R  O,  you  may  draw  the  Ho^ 
rizon  of  the  Place,  whofe  Centre  will  be  at  D,  the  Semidiameter  where¬ 
of  D  R  is  equal  to  the  Secant  oi  35  deg.  the  complement  of  the  Plains 
^  Reclination.  ^ 

*  Fourthly,'  Take  30  deg.  the  Plains  Declination,  out- of  your  Scale  of 

Chords, 


8d  ^SUPPLEMENT  to  the 

Chords^  andfet  them  from  O  to  f,  from  X  to  and  H  to^,  and  a-  Ru¬ 
ler  laid  from  Z  to  r,  will  give  the  point  E,  and  laid  from  Z  to  will  give 
the  point  S,  and  laid  from  Z  to  will  give  the  Point  W,  all  in  the  HorL 
zontd  Circle^  for  the  true  £4//,  South^  and  West  Points  thereof. 

Fifthly,  Through  the  Points  Z,  the  Zenith,  andS,  the  South  point 
of  the  Horizon^  you  may  (by  the  i  itMProhlem  at  the  beginning  of  this 
Book)  Draw  the  Meridian  of  the  Place  S  Z  P, 

Sixthly,  Lay  a  Ruler  to  the  Points  E  and  Z,  and  it  will  cut  the  Pri¬ 
mitive  Circle  in  ffiomf,  fet  3  8  de.  28  m.  of  your  Scale  of  Chords^  and  they 
will  reach  from/ to^;;,  and  a  Ruler  laid  from  E  to^,  will  crofs  the  Me¬ 
ridian  Circle  in  P,  the  Foie  of  the  World',  and  90  de;  of  your  Chords^  fet 
from  will  reach  to  and  a  Ruler  laid  from  E  to  //,  will  crofs  the  Me¬ 
ridian  in  tE,  and  fo  you  have  three  Poipts  W,  M  and  E,  through 
which  to  draw  the  EquinoSlial  Circle  at  IF 

Seventhly,  Througli  the  Foie  of  the  Flain.,  and  P  the  Foie  of  the 
World ;  draw  the  right  line  P  for  the  Axis  of  the  World^  and  the  Sub*  - 
Jlilar  line  of  your  Dial :  it  muff  be  drawn  upwards  tow^ardsthe  North', 
becaufe  the  Khrth  Foie  is  elevated  above  this  Plain,  as  is  manifeft  by  the  ^ 
Scheme. 

Eighthly,  Lay  a  Ruler  upon  P,  the  Pole  of  the  World,  and^E,  where 
the  Meridian  and  LquinoNial  intcrfe6f,  and  it  will  cut  the  Frimttive 
Circle  in  13. 

Ninthly,  At  the  Point  B,begin  to  divide  the  Frimitive  Circle  into  2zj/, 

.  (or  the  half  of  it  ^  B  ^  into  1 2)  equal  parts,  at  the  Points  0  ©  0,  &c. 

Tenthly,  Lay  a  Ruler  to  Q ,  and  every  of  thofe  Points,  and  it  will 
crofs  the  Equinoctial  Circle  £  JE.  £ ,  in  the  Points  x  x  x  &c.  And  a 
Ruler  laid  from  P,  the  Foie  of  the  World,  to  every  of thefe Points; 
XXX,  &c.  will  cut  the  Frimitive  Circle  reprefenting  the  Dial  Flain,  in 
thePoints^,  6,  7,  8,  9,  10,  ii,  12,  i,  2,  3,  a,  from  which  Points, 
Right  Lines  being  drawn  through  the  Centre  (/  ,  (upwards,  becaufe 
the  North  Foie  is  elevated  above  the  they  fliallbe  the,,££/^r  Lines 
belonging  to  fuch  a  Declining  Reclining  Dial  as  was  required  to-  be 
drawn. 

As  concerning  the  belonging  to  this  Declining  Reclining  Di¬ 

al,  they  are  all  vifible  in  the  Frojeclion,  and  three  of  them  in  the 
Triangle  L  P  C.  For, 

de  m 

'  The  height  of  the  Foie  above  the  Flain  is  C  P,  19  27 

The  Diftance  of  the  Subfiile  and  MeridianC  L,  0602 

The  Plains  Difference  of  Longitude  L  PC,  17  /8 

The  Diftance  of  the  Meridian  and  Horizon,  is  the  Arch  0  C  6.|,  41 

f 

As  by  the  Trig.  Calculation  doth  appear. 

The  Third  Variety  in  the  XVIIIth.  Chapter  Is  how  to  defcribe 
Hour  Lines,  upon  a  North  Flain,  Declining  Wesl  60  deg.  and  Reclining 
jrorn  the^enith  54  deg.  in  the  Latitude  of  51  deg.  32  m.  and  to  make 
^  according  to  this  way  of  Projeflion :  you  muff, 
j  Centre  Q_,  with  60  deg.'  of  your  Scale  of  Chords: 

IV.  defciibe  a  Circle  reprefenting  the  Dial  Plain ;  and  crofs  it  with  the  two 

tameters  V  X  for  the  Vertical,  and  HO,  for  the  Horizontal  Lines  of 
your  Plain. 

Secondly,  Take  54  deg,  the  Plains  Reclination,  out  of  vour  Scale  of 

'  a 
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FirB  T  R  A  C  f  AT  E. 

Chords,  and  fee  them  from  U  to  a,  and  from  H  to  a  Ruler  laid  from 
H  to  4,  ^ will  cut  the  Vertical  Line  of  the  Plain  U  X,  in  the  Points  Z, 
tor  the  Zenith  of  the  Place ;  and  in  R,  tor  the  Point  of  Interfedion  of 
•-...the  Horizon  of  the  Place,  with  the  Vertical  Line  of  the  Plain  •  and 

no^jou  have  three  points  thrO>  which  to  draw  tlie  Horizontal  Circlb 
H  R  O,  whole  Center  will  be  at  D. 

Thirdly ,  Take  6o  degr.  the  Pjain’s  Declination,  and  fet  them  from 

^  from  Z  to «,  will  give 

the  point  \V ;  and  fiom  Z  to  r,  will  give  the  Point  N  •  and  laid  tfom 

Z  ro  4  will  give  the  point  E  ;  all  in  the  Horizontal  Circle,  for  the 
tiue  EaH^  North  and  WeH  points  thereof. 

Fourthly,  Thro’  the  Zenith  Z,  and  A^,  the  North^point  of  the  Ho- 

ErohL  1 2.j  draw  the  Meridian  of  the  Place  M  Z. 
a  Ruler  from  W  to  Z,  and  it  will  cut  the  Primitive 
C>ircle  in/j  from /fet  38  degr.  28  min.  the  Complement  of  the  Lati¬ 
tude,  and  they  will  reach  from/ to and  a  Ruler  laid  from  W  to 
will  crofs  the  Meridian-Circle  in  P,  the  Pole  of  the  World  •  And 

V  from  ^  to  a  Ruler  laid  from  W  to  h,  will  cut 

the  Meridian-CircIe  in  M  ;  and  fo  you  have  three  Points,  N  W  and 
iL,  thio  which  to  draw  the  Aicjuinoftial-Circle  asiEae,  ^  ^ 

Sixthly,  Thro’  P,  the  Poje  of  the  World,  and  4,  the  Pole  of  the 

the  Right  Line  Q.P  L,  for  the  of  the  World,  and 
bubltilar  Line  of  your  Dial.  ’ 

Seventhly,  Lay  a  Ruler  to  P,  the  Pc/f  of  the  World,  and.^E,  where 
the  Meridian  and  jEquinoaial  interfed,  and  it  will  cut  the  Primitive 
Circl^n  B :  At  this  Point  B,  begin  to  divide  the  Circle  reprefentine 
^ur  Dial-plain,  into  24  for  the  half  thereof  into  12)  equal  parts  in 

,,  ^7  ®,R*tler  to  Q,  and  every  of  thofe  points,  it  will  crofs 

the  zEquinoaial  Circle  x  ,in  the  points  ***,  drc.  and  a  Ruler  laid 
to  P,  and  every  of  thofe  points  *  *  #.  will  cut  the  Primitive  Circle  in 

Ripju'r  f’  from  which  points, 

Right  Lines  being  drawn  from  the  Center  Q,  lhall  be  the  true  Hour 

Lines  proper  for  your  Declining  Reclining  Plain, 

The  Requifites  belonging  to  the  Plain,  are  vifible  in  this  ProjeHion 
as  in  the  other.  For, 

degr,  min. 


The  Diftance  of  the  Meridian  and  Horizon,  is  O  L  /< 
1  he  Height  of  the  Foie  above  the  FUin,  is  P  T  <? 
Ihe  Diftance  of  the  Subftile  and  Meridian,  is  TF  <6 

The  F.4/;^V  Difference  of  Longitude,  is  ZPQ^  6i 
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SYNOPSIS. 

O  R 

ABSTRACT. 

O  F 

What  hath  been  delivered  more  at  large  ^  in  the  fore-going 

Chapters  of  this  Tradate. 

IN  this  Ahftra^  I  fhall  only  give  you  an  account  of  what  things  are 
Given  and  what  are  Required  in  every  PUiny  and  Proportions  by 
which  thofe  Requifttes  are  to  hcfoundy  and  not  particular  Examples  in 
Numbers,  as  is  already  largely  done,  yet  fo,  that  the  whole  fubllance, 
in  the  general,  may  be  fcen  in  this  at  one  view,  and  fo  I  fhall  take  them 
in  order,  beginning  with 

'  1.  Vertical  or  Horizontal  Plains,  Chap,  IX.  Pig,  I; 

In  thefe  Plains  there  is  nothing  required  but  the  Arch  of  the  Meridian 
comprehended  between  the  Pole  of  the  World  and  the  Plain,  which  is 
the  Latitude  of  the  Place y  and  is  always  given. 

II.  The  Erell  Direcl  South  and  North  Plains^  Ch.  X.  Fig,  II  and  III. 

In  thefe  Plains  alfo  there  is  nothing  required  but  the  Arch  of  the  Me¬ 
ridian,  comprehended  between  the  Pole  of  the  World  and  the  Plain, 
^and  this  is  always  equal  to  the  Complement  of  the  Latitudcy  and  fo  is 
alfo  given.  j 

III.  Erell  Direli  Eaft/iW  Weft  Plains,  Chap,  ILL  Fig,  lY^andy, 

\ 

I  * 

Over  thefe  Plains,  neither  of  t\\QPoleso^  the  World  is  elevated,  and 
therefore  no  Arch  of  the  Meridian  either  given  or  required ;  but  the 
Hour  Lines  being  all  Parallel,  their  diftance  may  be  contra6fed  or  en¬ 
larged  anfwerable  to  the  bignefs  of  the  Plain,  and  length  of  the  Per¬ 
pendicular  Stile. 

IV.  North  andSoMtLEreB  Declining  Plains y  a. XII.  Fig.W  and  VII. 

I 

In  thefe  Plains  two  things  are  given,  and  three  things  muft  be  fought, 
before  the  Dial  can  be  made  —  The  things  given  are  (i)  The  Latitude 

of  the  Place  (2j  Declination  the  Plain, - The  things  required 

are  (i)  The  Arch  of  an  Azimuth  Circle  between  the  Pole  of  the  World 
and  the  Plain,  and  is  called  The  Height  of  the  Pole  or  Stile  above  the 

Plain, 

A 

> 
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.  ‘ 

TUin,  ( 2)  The  Arch  of  the  Plain  between  the  Meridian  and  the  Sub- 
liile,  and  is  called,  The  Deflexion  or  Subfiiles  Difiame  from  the  Meri~ 
dim,  (^)  The  Aroh  of  the  Equino£lial  Circle  comprehended  between 
the  Meridian  of  the  Plain,  and  the  Meridian  of  the  Place  ;  and  is  calledi 

The  PUifPs  Difference  of  Longitude, 

\ 

I .  For  the  Height  of  the  Pole  Or  Stile  above  the  Plain, 

As  the  Radius, 

To  the  Co-fine  of  the  Plain’s  Declination : 

So  is  the  Co-fine  of  the  Latitude, 

To  the  Sine  of  the  Stile’s  Height; 

« 

2.  For  the  or  Subjlile^s  Dift  ante  from  the  Meridiany 

As  the  Co- tangent  of  the  Declination, 

To  the  Radius : 

* 

So  is  the  Tangent  of  the  Stile’s  Height, 

To  die  Sine  of  the  Defledion. 

« 

For  the  Plaints  Difference  of  Longitudcy 

As  the  Co-fine  of  the  Latitude, 

To  the  Radius : 

So  the  Sine  of  the  Defledion, 

To  the  Sine  of  the  Plain’s  Difference  of  Longitude. 

V.  Direct  Eafl:  or  Weft  Reclining  Plains y  Chap,  XIV.  F/V,  IX. 

In  thefe  Plains  (as  in  upright  Plains)  two  things  muft  be  given,  and 
three  required  before  the  Dial  can  be  made.  ■ — •  The  Things  given  are 
(i)  ThQ  Latitude  o?  the  Place.  (2)  The  Reclination  of  the  Plain. — » 
The  things  required  are  the  fame  as  in  upright  declining  Plains,  namely 
( i)  The  Height  of  the  Stile  or  Pole  above  the  Plain.  (2)  The  Defledi¬ 
on.  (3)  The  Plain’s  difference  of  Longitude. 

I.  For  the  Height  of  the  Pole  or  Stile  above  thePlainy 

As  the  Radius, 

To  the  Sine  of  the  Latitude; 

So  the  Sine  of  the  Reclination, 

To  the  Sine  of  the  Stile’s  Height. 

2.  For  the  Defledion  or  Subfile*  s  difance  from  the  Meridian y 

As  the  Tangent  of  the  Reclination, 

To  the  Tangent  of  the  Stiles  Height ; 

So  the  Radius, 

To  the  Sine  of  the  Defledion. 

3.  For  the  Plaints  Difference  of  Longitude y 

As  the  Sine  of  the  Latitude, 

To  the  Radius: 

So  the  Sine  of  the  Defledion, 

To  the  Sine  of  the  Plain’s  difference  of  Longitude. 

VI.  Dire^ 
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VI.  Direct  South  B^sclww^  FLiins^  Chap.  XV.  XI,  XII. 

*  •  -'In  thefe  Plains  the  latitude  of  the  Place  and  the  Reclination  of  the 
TlalhbeW  given’  there  is  nothing  required  but  the  Arch  of  the  Meri¬ 
dian  comnrehend’ed  between  the  Pole  of  the  World  and  the  Plain, 
which  is  ^ The  Height  of  thF'f&t^or  Stile  above  the  Flain  ;  and  in  thefe 
South  Re’cliners  it  is  thus  found  ^  Sublfraft  the  Pveclination  from  the 
Complement  of  the  Latitude,  or  the  Complement  of  the  Latitude  from 
the  Reclination,  and  the  difference  is  the  Height  of  the  Foie  or  Stile  above 
the  Flam:  And* note. 

If  theRe-  ^Equal  to  -p  the  Comp.  q'Plain  isEquino6fiaI, 
clination  Xeirerthan  ^oftlieLatiOSouth 
be  d  Greater  than  j  tude,  the  cNoith  f 


VII.  Dir  eel  North  Reclining  FlainSy  Chap.^F^l.  Fig.  XIII,  XIV,  XV. 

The  Latitude  of  the  Place,  and  the  Reclination  being  known,  there 
is  nothing  required  in  thefe  Plains  to  be  found,  but  the  Arch  of  thCxMe- 
ridian  betw^eenthe  Pole  and  the  Plain,  which  is  the  Stileh  Height.  And 
in  North  Recliners  it  is  thus  found  —  Add  the  Complement  of  the  La¬ 
titude  of  the  Place,  and  the  Reclination  of  the  Plain  together,  the  fum  of 
them  (if  under  90  deg.  or  the  Remainder  to  1 80  deg.  if  above  90  deg.) 

.  is  the  Height  of  the  Foie  or  Stile  above  the  Flain.  But  if  the  Sum  or  Ag¬ 
gregate  be  juft  90  deg.  it  is  a  Folar  Flain^  as  Fig.  XIII  and  XIV. 

VIII.  South  Declining  Reclining  Plains^  Chap.'K.WlL  Fig.  XVI,  XVII, 

XVIII,  XIX. 

In  thefe  Plains  three  things  muft  be  given,  and  four  things  foughtbe- 
fore  the  Dial  can  be  drawn — •  The  things  given  are  (ij  The  Latitude 
of  the  Place.  (2)  The  Declination.  And  (j)  The  Reclination  of  the 
Plain. The  things  required  are  (i)  The  Diflance  of  the  Meridian 
and  the  Horizon,  (2)  The  Height  of  the  Pole  above  the  Plain,  (3)  The 
Defleftion,  or  Subftile’s  Diftance  from  the  Meridian,  (4)  The  Plain’s 
difference  of  Longitude. 

I .  For  the  Diftance  of  the  Meridian  from  the  Horizon y 
As  the  Radius, 

To  the  Sine  of  the  Reclination : 

So  the  Tangent  of  the  Declination, 

To  the  Co-Tangent  of  the  Dift.  Meri.  and  Horizon. 

2.  For  the  Height  of  the  Foie  or  Stile  above  the  Flainy 
As  the  Sine  of  the  Declination, 

Is  to  the  Co-fine  of  the  dift,  of  Mer.  and  Horizon  : 

So  is  the  Radius,  *  ' 

To  a  Fourth  Sine. 


If  this  Fourth  Sine  be  equal  to  the  Co-Latitude,  the  Plain  is  an  Equi- 
noflial  Decliner ;  but  if  it  be  leffer  than  the  Co-Latitude,  fubftraA  it 
from  the  Co-Latitude,  noting  the  Remainder.  Then  fay. 

As  the  Sine  of  the  Arch  laft  found,  . 

To  the  Sine  of  the  Reclination : 

So  is  the  Sine  of  the  Remainder  before  found. 

To  the  Sine  of  the  Height  of  the  Pole  above  the  Plain. 

3.  For 
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For  the  DejleSfion^  or  Subfiile'^s  Difimce  from  the  Meridian^ 

As  the  Co-Sine  of  the  Stile’s  Height; 

To  the  Radius:  - 
So  the  Sine  of  the  firR  Remainder , 

To  the  Co-fine  of  the  Deflexion. 

4*  For  the  Flam's  Dijference  of  Longitude'^ 

As  the  Sine  of  the  firfl:  Remainder  -  : 

Tothe  Sine  of  the  Defle8:ion  : 

'  So  is  the  Radius, 

Tothe  Sine  of  the  Plain’s  difference  of  Longitude. 

IX.  North  DeclmmgReclmmgFiams,thap.yNlll,Fig.lL^ 

In  thefe  North  Recliners  Declining  Plains,  the  fame  three  things  muft 
be  given,  and  the  fame  four  things  fought,  as  were  in  South  Recliners 
Declining.  And  they  are  thus  founa  :  , 

I.  For  the  Dijiance  of  the  Meridian  and  Horizon^ 

As  the  Radius, 

To  the  Tangent  of  the  Declination : 

So  is  the  Sine  of  the  Reclination, 

To  the  Co-Tangent  of  the  Meridian  and  Horizon. 

2.  For  the  Height  of  the  Foie  above  the  FUin^ 

As  the  Sine  of  the  Declination, 

To  the  Radius:  '  . 

So  Co-fine  Dift.  MerL  and  Horizon, 

To  a  Fourth  Sine. 

.  Unto  this  Fourth  Sine  add  the  Complement  of  the  Latitude,  and 
referve  the  Sum :  And  fay. 

As  the  Sine  of  the  Fourth  Sine, 

•  '  To  the  Sine  of  the  Reclination : 

So  the  Sine  of  the  Sum  lafl:  found, 

To  the  Sine  of  the  Poles  Height  above  the  Plain. 

5.  Forthe  Defleblionj  or  Subfile'*  s  Difiance  from  the  Meridian^ 

;  As  the  Tangent  of  the  Reclination, 

To  the  Sine  of  the  Fourth  Arch  before  found : 

So  Tangent  Pole’s  Height  above  the  Plain, 

To  the  Sine  of  the  Deflexion. 

4.  For  the  Fla'trds  Difference  of  Longitude^ 

As  the  Sine  of  the  Stile’s  Height, 

To  the  Tangent  of  -  the  Deflexion : 

'  So  is  Radius, 

To  the  Tangent  of  the  Difference  of  Longitude. 

* 

And  thus  have  you  in  this  one  Chapter  an  Epitome  of  the  whole  Art 
of  Dialling^  performed  by  Trigonometrical  Calculation* 

The  End  of  the  FirH  Tractate.  ^  ^ 
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DIALLING 

DEMONSTRATED. 

SHEWING, 

Several  jVays,  how  to  find  the  true  Places  of  the 
Stile,  Subftile  and  Meridian ;  As  alfo  how  to 
draw  the  Hour-Lines,  upon  all  Plain  Superfi¬ 
cies  in  their  due  Pofitions. 


TheSecond  TRACT  AT  E. 


P  RO  EM  E. 

I 

IN  the  fore-going  having  largely  infifled  upon  all  forts  of 

TUins^  upon  which  DUls  are  ufually  made,  and  fhewcd  the  Reafon 
of  each  FUin  deduced  from  the  Sphere ;  I  Ihall  in  this  Second  Traffate 
be  more  brief,  fhewing  only  how  the  Places  of  the  5///?,  Suhjlile  and 
Meridian,  may  be  found  upon  all  forts  of  Flains,  feated  in  their  true 
Places  and  Pofitions,  and  from  them  to  draw  the  Hour-Lines,  And 
therefore  to  fay  nothing  of  xLq  Horizontal,  North,  South,  Eall,  or 

WeH  Plains,  whether  EreB  or  Reclining,  I  fhall  immediately  begin 
with  Vpright  Declining  Plains,  and  from  them  proceed  to  South  and 
North  Declining  Reclining  Plains,  giving  but  one  Example  of  each  kind. 


CHARI. 

How  to  find  the  Place  of  the  Subftile,  Stile  and  Meridian, . 
and  hovp  to  draw  the  Hour-Lines  ufion  an  Ereft  Declining 
*  Plain. 

Figure  /^^Ur  Firft  Example  fliall  be  of  an  upright  Plain  declining  from  the 
I*  South  Eaftward  50  deg.  in  the  Latitude  of  51  deg.  32  min. 

Upon  C,  as  a  Center,  defcribe  the  Quadrant  C  AQ,  and  withthe^. 
fame  diftance  of  the  CompafTes,  upon  A,  (which  fliall  be  the  Center 
of  the  Dial)  defcribe  an  obfcurc  Arch  of  a  Circle,  and  herein  fet  off  3  8 

deg. 
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deg.  28  min.  the  Complement  the  CstitudeQ^  th^Place^  from  C  to  L,  and 
draw  the  Line  A  L,  prolonging  it  toD:  Alfo,  fet^o  deg,  t\\Q  Declination 
the  Plain,  from  Q.  to  X,  and  draw  the  Line  X  C,  prolonging  it,  if  occafion 
be.  Then  upon.C,  with  the  diftance  C  D,  deferibe  an  occult  Arch  of  a 
Circle,  continuing  it,  till  it  concur  with  the  Line  X  C  extended  inS:  And 
from  S  let  fall  a  Perpendicular  upon  the  Line  QC  extended  in  R. 

Then  make  C  Y  equal  to  R  S,  and  draw  A  Y  for  the  SubfiiUr  Line  of 
your  Dial :  Then  upon  Y,  ere8:  a  Perpendicular  Y  G,  making  Y  G  equal 
to  C  R,  and  through  G,  draw  A  G  for  the  Stile  of  your  Dial. 

Then  fetting  one  foot  of  your  Compares  in  Y,  with  the  other  take  the 
neareft  diftance  to  the  Stile  A  G,  and  let  that  diftance  upon  the  Subfiile  from 
Y  to  ©,  So  fhall  0  be  the  Center  of  the  Equinoctial  Circle,  and  the  Line 
G  Y  extended  both  ways,  fhall  be  a  Tangent  Line  thereto. 

Upon  0  as  Center  deferibe  the  Semicircle  D  reprefenting  one  half  of 
the  Equinoctial  Circle, which  done,lay  a  Ruler/rom  0  to  P,  where  theTangent 
Line  crolfeth  the  Meridian  or  Line  of  1 2.  And  where  the  Ruler  croffeth  the 
Eq^noCiial  Circle  ,  which  is  at^,  there  begin  to  divide  the  Semicircle  into  1 2 
eqiial  parts.  A  Ruler  laid  from  ©at  the  Points  o  0  0,eff.toeveryofthofeDi- 
ymons  000,  &c,  the  Center  of  the  Equinoctial  Circle,  I  Iball  cut  the  Tangent 
Line'inthe  Points  5,6,7,8,9,10,11  on  the  one  fide,  and  at  1,2,5, 4  on  the  other 
fide  of  the  Meridian.  Laft  ly.  Lines  drawn  from  the  Center  A,  through  thefe 
Points  in  the  Tangent  Line,  fhall  be  the  true  Hour4ines  belonging  to  the  Plain : 

And  tliat  the  Stile  and  Subfiile  are  rightly  placed,  lhall  be  thus  Demonfir ated, 

DEMONSTRATION. 


The  Trigonometrical  Canon  or  Proportion  for  finding  the  Subfiile'* s  difiance 
from  the  Meridian  being,  As  the  Radius,  Is  to  the  Tangent  Complement  of  the  La^ 
titude ;  So  is  the  Sine  in  the  Plain's  Declination  ;  To  we  Tangent  of  the  Subfiile^s 
difiancefrom  the  Meridian, 

Now  A  C  being  the  Radius, Q  D  is  the  Cotangent  of  the  Latitude, the  Angle 
CAD  being  3  8  deg.  28  min.  by  Conftru6:ion.  ,  And  if  the  Co-tangent  C  D 
be  made  the  Radius, \t  is  manifeft  that  the  Sine  of  the  Angle  X  C  Q.,the  Decli¬ 
nation  fhall  be  made  thereby  the  Tangent  of  the  Subfiile" s  difiancefrom  the 
Meridian,  Y  C. 

In  like  manner  it  may  be  proved,  that  as  the  Radius  CD,  is  to  CD  the 
Co-fine  of  the  Latitude  ADC:  SoisR  C,  the  Co-fine  of  the  Declination , 
toRC,  the  Sine  ol  GAY,  which  was  to  be  Demonftrated. 


CHAP.  II. 

How  to  find  the  flace  of  the  Meridian^  Stile  and  Subjiile^  in  De* 

cUningy  Reclining  Plains, 

E^ui.  J... 

DRaw  a  right  Line  L  G,  reprefenting  the  Bafe  of  the  Declining  Re-  Figure 
dining  Plain;  In  any  part  thereof,  as  at  X  ered  a  Perpendicular,*  as  . 

X  W  for  the  Vertical  Meridian,  extending  it  to  a  fuliicient  Length':  Alfo 
draw  another  Line  as  Q^S,  parallel  to  L  G,  at  any  convenient  diftance. 

Upon 
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Upon  X  as  a  Center  defcribe  the  Arch  of  a  Circle,  and  thereon  fet  55 
deg.  Vthe  FUins  Recltnation )  from  a  to  and  draw  the  Line  X  extending 

it  till  it  meet  with  the  Lined  Sin  N.  r  ^  ^  1  1 

Then  upon  A  fas  a  Center)  delcribe  a  Imall  Arched,  and  upon  it  fet  off 
30  deg.  equal  to  the  Declmatw»  of  the  Plain,  and  draw  the  Line  AB,  be¬ 
tween  the  two  Parallel  Lines.  ' 

Then  making  X  C  equal  to  X  N,  draw  the  Line  C  B,  fo  lhall  B  be  the 
Center  of  the  Dial,  and  the  Line  BC  the  Meridian  of  the  Place.,  or  Home 

Line  of  12.  r 

Alfo,  make  A  M  equal  to  AB,  and  upon  M  (as  a  Center)  delcribe  an 

Arch  of  a  Circle  e  f  and  upon  it  fet  51  deg.  ^2  min.  the  Latitude  of  the 
Place  from  /  to  e,  and  draw  the  Line  M  extending  it  till  it  cut  the  Per¬ 
pendicular  Line  X  W  in  Z. 

Likewife,  make  A  K  ecfual  to  A  X,  and  A  D  equal  to  A  N,  and  draw  the 
Line  K  D,  till  it  cut  the  Line  X  W,  and  prolonging  it  farther  if  need  require. 

From  Z,  let  fall  a  Perpendicular  to  K  D,  in  H,  and  taking  the  length  K  H 
in  your  CompalTes,  apply  that  diftance  from  B  (the  Center  of  the  Dial) 
to  R  in  the  Vertical  Meridian ;  and  draw  the  Line  B  R  for  the  Subfile, 

Laftly,  from  the  Point  R,  upon  the  Line  B  R,  ere6l  a  Perpendicular,  as  R  E, 
making  R  E  equal  to  Z  H,  and  from  B  to  E,  draw  B  E  for  the  Stile  of  the  Dial, 
Now  this  Line  R  E  being  produced  both  ways  fliall  be  a  Tangent  to  the  £- 
quator ,  whofe  Semidiameter  muft  be  equal  to  a  Line  let  fall  perpendicularly 
'  from  R  to  the  Stile,  and  that  diftance  taken  and  fet  upon  the  Subftile  from  R, 
fhall  be  the  Centre  of  the  Equator.,  which  being  divided,  and  Points  found  in 
the  Tangent  Line,  the  reft  of  the  Dial  may  be  finifhed  according  to  the 
ufual  manner, 

h\jte  T.  If  the  Point  D  hWjuH  into  the  Point  Z,  the  Plain  pafleth  through  the 
Pole,  and  the  Plain  is  a  Polar  Plain,  and  fo  it  will  do  in  a  South  Plain  DeclL 
ning  3  o  deg.  and  Reclining  5  4  deg.  3  2  min.  in  the  Latitude  of  5 1  deg.  3  2 
min. 

Note  II.  If  the  Point  D,  hWjabove  Z,  the  Plain  palTeth  between  the  Zenith 
and  the  Pole,  and  the  South  Pole  is  Elevated,  and  fo  it  will  do  in  a  South 
Plain  Declining  50  deg.  and  Reclining  20  deg.  in  the  Latitude  of  51  deg. 
52  min. 

Note  III.  If  the  Point  D  fall  below  Z,  the  Plain  palTeth  between  the  Pole 
and  the  Horizon,  (as  in  this  Example)  and  thQ  North  Poleh  Elevated. 
Note  IV.  That  although  there  will  be  conliderable  variation  in  the  Schemes, 
by  which  thefe  feveral  Varieties  of  Declining,  Reclining  Plains  are  drawn ; 
yet  the  conftru6lion  will  be  the  fame,  for  fometimes  the  Point  H,  which 
liere  falls  on  that  fide  of  the  Vertical  Meridian  which  is  next  to  S,  in  a  South 
Plain  Declining  deg.  and  Reclining  20  deg.  will  fall  on  the  other  fide 
thereof  towards  Q.  Likewife  the  home  of  12,  that  is  B  C,  which  falls 
here  between  the  Subfile  and  the  Horizontal  Meridian,  B  A,  would  in 
fuch  a  Plain  as  I  laft  mentioned  fall  between  the  Axis  and  the  Subfile, 

Note  V.  At  the  Reclination  of  any  Plain  increafes,  the  Points  N,  C  and  R 
all  approach  nearer  to  A,  and  when  the  Reclination  is  90  deg.  they  are 
all  Co-incident,  and  fo  vanifheth  into  an  Horizontal  Dial,  whofe  Subfile 
will  be  B  A.  And  if  the  Declination  be  increafed,  at  length  the  Points 
B  and  M,  will  be  Co-incident,  and  the  Did  Plain  will  be  parallel  to 
the  Prime  V ?rtical,  and  the  Dial  di  South  Dial  whofe  Subfile  may  be  Z  A. 


J)  E  MO  N-^ 
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BE  MO  NSTRATION. 

The  Center  B  is  taken  at  pleafure,  in  any  part  of  the  Horizontal  Meridi- 
an :  For  the  Parallels  QS,  and  L  G,  might  be  nearer  or  farther  off,  only  the 
DiagramvfOv\A  hQ  greater  oflejfer  accordingly. 

Now  becaufe  X  C  is  equal  to  X  N,  the  Face  of  the  Reclining  Plain  X  N 
fhall  cut  thQ^ertical  Meridian  X  W,  and  let  it  cut  in  the  Point  C. 

And  becaufe  the  Line  B  C  fubtends  both  the  Meridians  B  A  and  A  C,and  is 
drawn  upon  the  Plain  from  the  Center,  it  fhall  reprefent  the  Meridian  of  the 
Tlace:  For  the  Sun  enlightning  the  Point  C,  at  12  a  Clock  in  the  Vertical 
X  W,  and  at  the  fame  time  the  Point  B,  in  the  Horizontal  Meridian  A  B,  it 
fhall  at  the  fame  time  illuminate  the  whole  Line  B  C,  fo  as  the  Stile  of  the 
Dialftiall  fliadow  the  fame  juft  at  the  fame  time. 

Again,  becaufe  the  Triangles  A  NX  and  AKD  are  equiangular  and  e- 
qual :  If  the  point  W  be  the  Zenith^  (the  point  X  fuppofed  to  be  laid  up¬ 
on  the  point  K)  the  Lines  K  D  and  X  N  will  be  equal ,  and  the  Angle 
AKD,  equal  to  the  Reclination ;  K  D  fhall  then  truly  reprefent  the  Keclin^ 
ing  Plain. 

Moreover, A  M,being  equal  to  A  B  by  conftru£lion,and  the  Angle  A  M  Z, 
equal  to  the  Latitude, the  point  Z  reprefents  a  Pole  of  the  becaufe  the 

Axis  M  Z,  and  the  Meridian  A  Z,  meet  there. 

If  therefore  from  the  Pole  Z,  a  Meridian  Z  H,  do  fall  upon  the  Plain  K  D 
(or  the  back  fide  thereof)  at  right  Angles;  it  fhall  fall  upon  a  point  of  the 
Subjtile  in  H,which  point  H,  doth  therefore  limit  the  Subfile  on  that  part. 

But  the  Horizontal  Line  in  which  B,  the  Center  of  the  Dial  is  taken, 
muff  limit  it  on  the  other  part  alfo,  to  wit,  in  the  point  X,  or  K,  fo  that  H  K 
is  the  juft  length  of  the  Subfile  upon  the  Plain. 

And  becaufe  the  Subfile  muft  both  pafs  through  the  Center  B,  and  incline 
to  the  VerticaVUVJ  (to  which  the  Plain  it  felf  inclines  j  the  Line  B  R,  equal 
toKH,  being  fo. placed,  is  the Subftile. 

Laftly,  Becaufe  Z  H  is  the  neareft  diftance  between  the  Pole  and  the  Plain^ 
E  R  being  equal  thereunto,  and  perpendicular  to  the  Subftile,  it  lliall  be  the 
length  of  the  «SYi/?,that  is  (where  the  Subfile  B  R  is  Radius')  the  Tangent  of 
the  height  of  the  Pole  above  the  Plain, which,  is  all  which  was  to  be  proved. 


CHAP.  III. 


(lDecUning--()  oT 

Example  11.  Of  the  North  Plains  \Latit.  5 1  rf.  5  2 

16  j 

'  A  S  in  the  former  Example,  fo  in  this ;  Firft,  draw  a  right  Line  at  pica-  pigure 
fure  as  FQ,  which  fhall  reprefent  the  of  the  Plain.  XII. 

Affume  any  Point  therein  as  B,  from  which  Point  ereft-a  Perpendicular  . 

B  Y,  extending  it  both  above  and  below  the  Bafe  Line  F  Q. 

Unto  F  Q,  draw  another  right  Line  Parallel  thereunto,  at  any  convenient 
diftance,  as  P  M. 

Then  upon  B,  as  a  Center,  deferibe  an  Arch  of  a  Circle  Qb,  and  upon  itfet 

Aa  60  deg. 
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6o  deg.  (the  VUtrTs  Declination)  from  C  to^,  and  draw  the  Line  B  extend¬ 
ing  it  till  it  meet  with  the  Parallel  P  A1  in  A.  ^ 

Again,  upon  C, a  .Center  deferibe  another  little  Arch,  as  ^  and  upon  it 
fet  i6  detr.  ftlie  Elaines  Reclination)  from  a  to  c,  and  draw  the  Line  C  c,  ex¬ 
tending  i?,  till  it  concur  with  the  Bafe  Line  F  Q,in  D. 

Take  in  your  Compaffesthc  Diftance  between  C  and  D,  and  fet  that  di- 
ftance  upon  the  Perpendicular  Line  B  Y,  from  C  to  E,  fo  that  E  be  the  Center 
of  your  Dial, and  a  Line  drawn  from  E  to  A,fhall  be  the  Meridian  of  the  PUce^ 
and  Hour-line  of  12. 

Upon  D,  as  a  Center,  deferibe  an  Arch  of  a  Circle,^  ?,  and  upon  it  fet  off 
38  deg.  28  min.  the  Complement  of  the  Latitude^  from  d  to  e,  and  draw  the 
Line  D  f,  extending  it, till  it  meet  with  the  perpendicu’arLine  B  Y  extended 
downwards  in  Z.  Then, 

Prolong  the  Line  A  B,and  make  BK  equal  toBZ.  and,  through  the  Point  K, 
draw  the  Line  K  U  parallel  to  Z  Y,  cutting  the  Bafe  Line  F  Q_  in  S.  And 
make  B  L  equal  to  S  K. 

From  L,  let  fall  a  Perpendicular  to  D  CJ  viz.  L  O,  and  make  H  G  equal 
to  C  O. 

Then  from  E,  the  Center  of  the  Dial,  through  G,draw  the  right  Line  E  G 
for  the  Id ubfilar 'Line  the  Dial. 

Alfo,upon  the  Line  E  G,  from  the  point  G,  ereff  a  Perpendicular,  and 
make  it  equal  in  length  to  the  Line  L  0,as  the  Perpendicular  G  N :  Then  a 
Line  drawn  from  the  Center  E,through  N,fhall  be  the  Stile  of  the  Dial. 

And  thus  have  you  alltheRequifites  belonging  to  this  Reclining  Plain ;  and 
ifyou  take  the  lead:  diftance  from  the  point  G,  tothe5?/7f  N  E,  and  fet 
that  diftance  upon  the  SubfliUr  Line  from  G  to  ©  ;  the  point  ©  (hall  be  the 
Center  of  the  Equinoclial  Circle^  and  the  Line.  N  G  extended  both  ways  fliall 
be  a  theretOjby  which  the  Dial  may  be  finiftied  according  to  rheufu- 

al  way.  '  '  ' 


»  DEMONSTRATION, 

Becaufe  the  Angle  A  B  C,  f'to  which  the  Angle  K  B  Z  is  equal )  is  equal  to 
the  Plaints  Declination :  Therefore  the  Line  K  B  A  is  the  Horizontal  Meridian 
upon  the  Bafes  P  M  and  F  Q,  And  B  K  is  equal  to  B  Z  by  conftru6lion,  and 
the  Triangles  D  B  K  and  D  B  Z  are  equi*  angled  and  cqual,having  one  com¬ 
mon  Side  D  B,and  a  common  AnglePt  D  Z,  and  B  K  is  equal  to  B  Z :  There¬ 
fore  a  right  Line  palling  from  K  in  the  Horizontal  Meridian  to  D,  or  E  in  the 
Vertical  Meridian  7jX  .,hh2X\  reprefent  the  Axis  of  the  Equator  *,  for  the  An¬ 
gle  B  D  K  equal  to  B  D  Z  is  the  Complement  of  the  Latitude,  by  conftrudlion, 
and  D  B  Z  a  right  Angle. 

And  therefore,  whenfoeyerthe  point  K,  is  either  fhaddow^ed  or  enlightned, 
the  point  A  is  the  fame,  and  the  point  E  alfo,  becaufe  it  is  in  the  fame  Axis 
yvithK,isat  the  fame  time  fo  affected  ;  wherefore,  the  Center  of  the  D/W  be¬ 
ing  at  E,  a  Line  drawn  from  thence  upon  the  Plain  to  A',  lEall  be  the  hour 
of  12. 

And  becaufe  the  Hypotenufa  D  K,or  EK,  is  the  Axis  palling  from  E,in  the 
Reclining  Plain  by  K  in  the  Horizontal  Meridian^piTiA  the  point  K  being  in  the 
Line  K  S  H  G,  a  Perpendicular  let  fall  from  thence  to  the  Plain,  fhall  fall  in 
the  fame  Line  K  S  H  G. 


Make 
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Make  C  Y  equal  to  H  G, which  isalfo  equal  to  C  O :  then  a  Perpendicular 
from  L  to  X,  is  the  fame  with  that  from  Lto  O, namely  the  Line  L  O. 

And  becaufe  B  L  is  equal  to  S  K,and  C  Xm  HG, therefore aPerpendieuIar 
let  fall  from  K  to  Gjfl^all  be  equal  to  L  X,or  L  O. 

Add  becaufe  Kfas  hath  been  Biewedj  is  a  Point  in  the  ^r//,and  G  a  Paint 
in  the  DUl  PUin^\^  Perpendicular  KG,or  L  O  fhall  be  the  hvightov  length 
of  the  gerfendicuUr  Stile  hJ  G  :  or  more  properly  the  Tangent  thereof,  EG 
being  made  Radius,  And  the^  point  G,  where  it  cuts  the  Dial  Plain  at  right 
Angles, Qiall  be  a  point  in  the  Subfille. 

But  E  or  D  is  the  Center  of  the  DiW,as  hath  been  already  proved ;  There¬ 
fore,  a  Line  drawn  from  E  to  G,  that  is,  the  Line  E  G,  is  the  Subjiile, 

And  becaufe  G  N, being  equal  to  L  O,and  the  Angle  E  G  N  is  a  right  An¬ 
gle;  therefore, the  Line  E  N,  drawn  by  the  points  E  and  N  is  the  Stile, 

Enough  is  here  written  to  Diew  how  to  find  the  MerUian,,  Stile  and  Sub-- 
Jtile ,  in  all  Declining  and  Reclining  Plains ;  In  which  this  is  worth  the 
obferving,  that  by  the  Precepts  here  delivered,  not  only  the  Requires 
and  their  Magnitudes  or  Qjiantities  are  found ;  but  their  true  Places 
and  Situations  upon  the  Plains  alfo,  all  which  are  obvious  together  in 
the  very  working, or  with  a  very  little  tranfpofition  made  fo.  '  And  for 
thatreafon,!  have  here  made  choice  fuch  Examples  sls  3.vQhtfovQ 
in  the  firfi:Tra8;ate  madeufeof,  and  the  work  of  them  performed  by 
other  means,  that  fo  the  coherence  may  be  the  more  obvious,  both 
which  Examples  you.  willfitid  in  the  i^th  and  \  <^th -Chapters  of  the  pre¬ 
ceding  Trail  ate. 

From  the  Precepts  before  delivered, it  may  be  Notedy  That  as  the  Reclina- 
may  increafe, the  Points  N,  E  and  R,  all  approach  ftill  nearer  to  A;  and 
when  tlie  Reclination  is  90  deg.  they  are  all  Co-incident,  and  Vanifh  into  an 
Horizontal  D/W,  whole  Subfiile  is  BA. 

In  like  manner,  if  the  Decimation  befbillincreafed,  at  length  the  Points  B 
and  M,  will  be  Co-incident,  and  the  Dial  Plain  will  be  parallel  to  the  Prime 
Vertical  Circle ,  and  the  Dial  a  South  Dialy  whofe  Subfiile  may  be  Z  A. 

But  whether  the  increafe  or  not,  if  the  Reclination  demount  to 

70,  or  above  7  o  degrees:  Then  the  Subfiilar  Line  applied  (as  before)  from  B 
to  the  Vertical  Z  X,  it  fliall  fall  between  the  points  A  and  X,  upon  the  Rafie  of 
the  Plain,  And  by  this  means  the  former  Precepts  may  be  rendred  infumci- 
ent,or  (at  leaf!:)  inconvenient  in  fuch  Cafes. 

And  for  thefe  Reafons  I  have  added  what  follows  in  the  next  Chapter. 


CHAP 


V 


^2  GEOMEf  RICJL  DIALLING. 

CHAP.  IV. 

A  Second  Geometrical  Way  to  find  the  Requifites  belonging  to  De¬ 
clining  Reclining  Plains^  agreeable  to  the  Calculatory  way  be- 
fore  delwered  in  the  Fir§t  Traftate:  and  thereby  Demonftrated. 

OVr  Example  here  fliall  be  of  a  South  Plah^  Declining  Eajlrvard  30  deg. 

and  Reclining  from  the  Zenith  55  deg,  which  is  the  Example  of  the  . 
Third  Variety  of  South  Declining  Reclining  Plains  in  the  Firft  TrapLate  ^ 
Chap.  XVIL  , 


Wherein  let  it  be  required  to  find  ‘  deg.  min. 

1.  The  difiance  of  the  Meridian  and  Horizm  64.  4 1 

2.  The />f/>/?^'ofthePo/^or  abovetheP/^/;?  19.  25 

Tht  dijtanceoii the:  Subfiile  {torn  the.  Meridian  6.  02 

4.  The  P/^/Vj  difference  of 17.  38 

t 


I.  For 'the  Difiance  of  the  Meridian  and  Horizon.  ■ 

I 

'igure  W  ith  60  deg.  of  a  Scale  of  Chords  defcribe  the  Quadrant  A  B  D :  and  up- 

lY  on  A,  ereft  the  Perpendicular  A  R ,  which  fhall  be  a  Tangent  Line  thereto. 
Then, 

1.  Take  30  deg.  the  Plain’s  Declinat ion, £ind  fet  it  from  A  to  E ;  Alfo  take 
5  5  deg.  the  Reclination  and  fet  it  from  D  to  G,  and  from  E  to  G,  let  fall  the 
Perpendiculars  E  M  and  G  H ;  and  through  E  and  G  draw  two  right  Lines 
from  B,  extending  them  till  they  cut  the  Tangent  lane  in  the  Points  E  and* 

R : - So  fhall  G  H  be  the  Sine,  and  A  R  the  Tangent  of  3  5  deg.  equal 

to  the  Complement  of  the  Plaints  Reclination:  - - Alfo  E  M  Iball  be  the 

Sine,  and  F  A  xhtT angent 30  deg. equal  to  the  Plain’s  Reclination. 

2.  Make  A  I  equal  to  H  L,  A  Ruler  laid  from  B  to  I,  will  cut  the  Quadrant 
in  K :  So  is  K  D  the  difiance  of  the  Meridianfrom  the  Horizon,  namely  64  deg. 
41  min. 

Demonfiration  from  Trigonometrical  Calculation. 

As  the  whole  Sine  (or  Radius^  A  B  90  deg. 

Is  to  B  H,  the  Sine  of  the  Reclination  5  5  deg. 

So  is  A  F  the  Tangent  of  the  Declination  30  deg. 

To  A  I,  the  Tangent  of  the  Arch  A  K  2  5  deg.  9  min. 

Whofe  Complement  is  the  ArchD  K  64  deg.  41  min.  the  difiance  of 
the  Meridian  and  Horizon.  .  - 

II.  For  the  height  of  the  Pole  or  Stile  above  the  Plain. 

I.  Extend  the  Line  M  E,  till  it  cut  the  Line  BR  in  P,  and  make  A  N 
equal  to  M  P :  So  is  A  N  the  Tangent  of  the  Arch  A  which  meafured  upon 
the  Chords  will  be  3 1  deg.  1 4  min.  W  hich  Arch  being  lefs  than  the  Latitude 
of  the  Place  51 'deg.  3  2  min.  SubflraG:  it  therefrom ;  fo  will  the  remainder 
be  20  deg.  18  min.  2.  Set 
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* 

2.  Set  20  deg.  i8  min.  the  Arch  laft  found  from  A  to  Q^,  and  draw  the 

Line  QC  perpendicular  to  A  B - Alfo  makeB  S  equal  toQC - BO 

equal  to  B  R  - -  And  B  W  equal  to  B  M - So  fhall  B  S  be  the  Sine  of 

2o‘deg.  i8  min.  the  Arch  laft  found - B  W  the  Sine  of  6o  deg.  the 

Complement  of  the  Declination - and  B  O  the  Sine  of  64  deg.  41  min. 

thedillance  of  the  Meridian  from  the  Horizon. 

Take  in  your  Compaffes  the  diftance  B  S,  and  fetting  one  foot  inO, 
with  the  other  deferibe  an  obfeure  Arch  of  a  Circle  a  4,  and  from  B,  draw  a 
Line  B  which  may  only  touch  the  top  of the  fame  Arch,  which  donc,fet 
one  foot  of  theCompafles  in  W,  and  with  the  other  take  theneareft  diftance 
to  the  Line  Bw?,  which  diftance  fet  from  B  to  V  ;  and  draw  the  Line  V  T 
parallel  to  A  B,  fo  fhall  T  A  meafured  upon  the  Scale  of  Chords  be  19  deg. 
25  min.  for  the  height  of  the  Pole  or  Stile  above  the  Plain. 

Demonjlraiion  from  Trigonometrical  Calculation, 

( I .)  As  the  whole  Sine  (  or  Radius)  A  B  90 deg. 

Is  to  B  M  (the  Sine  of  the  Complement  of  the  Plain’s  Declination)  60  deg. 
So  is  A  R  (the  Tangent  Complement  of  the  Reclination)  3  5  deg. 

To  A  N  (the  Tangent  of  the  Arch  deg.  14  min. 

Which  Arch  being  taken  out  of  the  Latitude  51  deg.  ^2  min.  leaves 
20  deg.  18  min.  which  is  an  Arch  of  the  Meridian  of  the  Place  in¬ 
tercepted  between  the  Plain,  and  the  Pole  of  the  world. 

(2.)  As  the  Sine  B  O  (the  diftance  of  the  Meridian  and  Horizon,)  64  deg.  41 
min. 

Is  to  the  Sine  B  S  (the  Arch  laft  found)  20  deg.  1 8  min. 

So  is  the  Sine  B  W  (the  Complement  of  the  Plain’s  Declination)  60  deg. 

To  the  Sine  B  V  (whofe  Arcli  A  T  is  ihQ  height  of  the  Pole  or  Stile  above 
the  Plainl) 

III.  For  theSubftile^s  Dijiancefrom  the  Meridian, 

Take  B  V  the  Sine  of  the  Stile’s  height  1 9  deg.  25  min.  and  fetting  one  foot 
in  D,  with  the  other  deferibe  the  Arch  e  c,  and  from  B,  draw  the  right  Line 

B  0  only  to  touch  the  top  of  the  Arch  c  c - Then  fetting  one  foot  of  your 

Compaffes  in  S,  with  the  other  take  the  leaft  diftance  to  the  Line  B  0,  this  leaft 
diftance  fet  from  B  to  Y  and  through  Y  draw  Y  X  parallel  to  A  B,  fo  fhall 
B  Y  be  the  Sine,  and  A  X  the  Arch  or  Chord  of  6  deg.  2  min.  and  is  the  di¬ 
ftance  of  the  Subftile  from  the  Meridian. 

Demonjiration  from  Trigonometrkal  Calculation. 

As  the  Sine  of  B  V  (the  heigltt  of  the  Pole  above  the  Plain)  1 9  deg.  25  min. 
Is  to  the  Radius  BD  (90  deg.) 

So  is  the  Sine  of  BS  (the  Arch  of  the  Meridian  between  the  Pole  and  the 
Plain)  20  deg.  18  min. 

To  B  Y  (the  Sine  of  A  X)  6  deg.  2  min.  . 

Which  is  the  Subftile’s  diftance  from  the  Meridian. 
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IV.  For  the  Plaint  Difference  of^  Longitude. 

Take  B  S  and  fet  it  from  B  to  Z,  fo  is  B  Z  the  Sine  of  20  deg.  1 8  min.  ( the 

Arch  of  the  Meridian  between  the  Pole  and  the  Plain.) - Alfo  take  B  Y, 

the  Sine  of  6  deg.  2  min.  (the  height  of  the  Pole  above  the  Plain.)  And  fet- 
ting  one  foot  in  Z,  with  the  other  delcribe  the  Arch  n  n :  Lay  a  Ruler  to  B,and 
this  Arch  n  /f,  and  draw  an  obfeure  Line  thereby, till  it  cut  the  Quadrant  in  iE; 
Softiall  A  iL  be  17  deg.  38  min.  for  the  Plain’s  Difference  of  Longitude. 

Demonflration  ixom  Trigonometrical  Calculation :  For^ 

As  the  Sine  of  ZB  (the  Arch  of  the  Meridian  between  the  Pole  and  the 
EUin)  20  deg.  18  min. 

Is  to  the  whole  Sine  (or  Radius')  A  B  90  deg. 

So  is  the  Sine  Y  B  (the  Subfile’s  diftance  from  the  Meridian)  6  deg.  2  min. 
To  the  Sine  of  the  Arch  A  17  deg.  38  min. 

Which  is  the  Plaints  Difference  of  Longitude. 


CHAP.  V. 

How  by  the  Help  of  an  Horizontal  Dial  in  any  Latitude,  to  draw 
the  Hour-Lines,  the  Place  of  the  Stile  and  Subftile  for  any 
Upright  Declining  Plain  in  the  fame  Latitude, 

OUr  Example  fhall  be  of  m  Vpright  Plain  Declining  from  the  South  to¬ 
wards  the  WeH  3  o  de^.  in  the  Latitude  of  5 1  deg.  3  2  min. 

Firft,  draw  aright  Line  R  T,  reprefenting  thQ  Bafe  or  Horizontal  Line  of 
the  Declining  Plain. 

Secondly,  In  this  Line,  affume  any  Point,  as  A,  and  from  It  draw  another 
right  Line  A  S,  making  the  Angle  SAT,  equal  to  deg.  the  Plaints  Declina¬ 
tion  :  Which  Angle  muft  be  made  towards  the  Right  hand  of  A,  if  the  Plain 
decline  JVeJlrvard  (as  here  it  doth)  or  towards  the  Left  hand  if  the  Plain  de¬ 
cline  Eafirvard. 

. .  Thirdly,  Upon  this  Point  A,  ere8:  a  Perpendicular  tothe  Line  R  T,for  the 

Meridian,  Line  of  the  Declining  Plain  \ - And  (from  the  fame  point  A  )an- 

other  perpendicular  to  the  Line  A  S,  for'thc  Meridian  of  the  Horizontal  Dial. 

Fourthly,  In  any  part  of  this  laft  Perpendicular,  affume  any  Point  at  plea- 
fure,  (as  X,)and  make  that  the  Center  of  an  Horizontal  Dial^  and  upon  it  de- 
feribing  a  Circle,  fee  thereon  the  Hour-arches  proper  for  an  Horizontal  Dial 
for  your  Latitude  ( namely  of  5 1  deg.  3  2  min.)  at  the  marks  ^  ^  drc. 

Fifthly,  From  the  Center  X,  which  is  the  Center,  and  thefeveral  Points 
^  draw  right  Lines,  extending  them  till  they  concur  or  meet  with 
the  Horizontal  Line  of  the  Declining  Plain  R  T  firft  drawn,  at  the  Points 
9,  10,  II  and  I,  2,  3,4,  5, 

Sixthly,  Upon  the  'Center  X,  make  the  Angle  A  XP,  equal  to  the  Lati¬ 
tude,  5 1  deg.  3  2  min.and  draw  the  Line  X  P,  cutting  the  Line  A  S  in  P.  « 
Seventhly,  Make  A  Z  equal  to  A  P,  fo  fhall  Z  be  the  Center  of  the  Decli¬ 
ning  Dial. 

Eighthly, 
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G  EO  METRICAL  hlALLIRG.^t^ 

Eighthlv,  Upon  the  point  B,  ( where  the  Line  X  P  cutteth  the  Horizontal 
Line  of  the  Declining  Plain,  R  T)ere6it  a  Perpendicular,  cutting  the  Line 
ASinC. 

Ninthly,  Make  A  R,  equal  to  B  C  and  draw  the  Line  Z  R,  for  the 
ftile  of  the  DtcUning  DiaL 

T enthly ,  F  rom  the  point  R^erecl  a  Perpendicular  to  the  Line  Z  Remaking 
R  Q^equal  to  A  B,  and  draw  the  Line  Z  Qfor  the  Stile  the  Declining  Dial, 

Laftly^  If  from  the  Center  of  the  Declining  Plain  Z,you  draw  right  Lines 
to  thefeveral  points  9,  lo,  1 1  and  i,  2, &c,  (where  thofe  Hour -lines  of  the 
Horizontal  Did  did  concur  with  the  Horizontal  Line  of  the  Declining  Flain 
R  T,)  thofe  Lines  fliall  be  the  true  H^ur-lines  belonging  to  your  Declining 
Plain :  And  fo  is  your  Dial  finiflied ;  and  the  Stile  and  Subftilc  in  their  due 
Places. 

If  Any  fliall  think  this  Chapter  deficient  for  want  ofDcmonfiration,  let 
them  know,  that  the  Demonftration  belonging  totheFirft  Chapter  of 
this  Tra6f ate,  doth  Demonftrate  this  alfo. 


CHAP.  VI. 

A  Third  Geometrical  Way  of  Dialling :  Shewing^  The  Mamet 
hovp  to  inferibe  the  Subftile,  Stile,  and  Meridian-line  in  all 
Plains. 

SECT.  1.  Definitions. 

BX  the  Angle  of  Declination  is  underftood  the  Arch  of  the  inter¬ 

cepted  between  the  and  the  EailovWeB  point  toward  which  it 
declineth. 

By  the  Angle  oi  Ereclion  is  underftood  the  Ai  ch  of  a  Vertical  Circle  inter¬ 
cepted  between  the  Plain  and  the  Horizon  toward  the  depreffed  Pole ;  ' 
which  in  our  Northern  Hemifphere  is  the  South  jPole.  Wherefore  the  Plains 
which  lean  toward  the  elevated  Pole  (which  by  others  are  called  North  in¬ 
clining,  ^v)i^South  reclining)  have  evermore  their  Angle  of  Erection  greater 
then  a  quarter  of  a  Circle.  And  fuch  Plains  as  are  upright  or  perpendicu¬ 
lar  on  the  Plain  of  the  Horizon,  are  faid  to  be  created  90  deg. 

SECT.  11. 

In  Horizontal  Dials  the  Meridian-Line  is  directly  drawn  Nerth  and 
South:  and  it  is  alfo  the  Subftile,  and  the  Stile  hangeth  over  it  at  an  Angle 
equal  to  the  Elevation  of  the  Pole. 

SECT.  III. 

In  North  and  South  upright  Plains  the  Six-a-CIock-Lineis  drawn  parallel 
tbthc  Horizon,  and  the  Meridian-Line  is  to  be  drawn  perpendicular  to  it ; 
and  the  Meridian-Line  is  alfo  the  Subftile:  over  which  the  Stile  is  to  hang 
a  an  Angle  equal  to  the  Complement  of  the  Eltvatidnofthe  Pole. 


SECT.  IV. 


^6  GEOMETRIC  AL  DIALLING. 

SECT.  IV. 

In  North  and  South  Plains  which  (land  not  upright  but  bowing,  theSix" 
a-Clock-Line  alfo  is  parallel  to  the  Horizon.  And  the  Meridian- Line  is  per* 
pendicular  thereto ;  being  alfo  the  Subftile.  But  the  Ang^e  which  the  Stile 
maketh  with  it  is  thus  found  out.  Add  the  Angle  of  Ereaion  to  the  Height 
of  the  Pole,  and  the  Aggregate  thereof  fhall  be  the  Angle  of  the  Stile’s  Alti¬ 
tude  to  be  accounted  from  the  upper  end  of  the  Meridian  in  South  Plains, 
but  from  the  lower  end  in  North  Plains. 

If  the  Aggregate  be  juft  90  deg.  the  Plain  is  parallel  to  the  Aiquino61iaI. 
If  it  be  julf  iSo  deg.  the  Plain  is  parallel  to  the  Sixth  Horary  Circle, and  con- 
fequcntly  to  the  Jxuo^  the  World  :  and  hath  therefore  no  Center.  If  it 
exceed  180  deg.  fubdud  180,  and  the  Arch  remaining  fhall  be  the  Altitude 
of  the  contrary  Pole. 

For  it  is  to  be  noted  that  in  oviv  Northern  Hemifpherc  in  all  kind  of  North 
Dials  the  North  Pole  is  elevated,  and  the  Stile  pointeth  upwards  from  the 
Center:  and  in  all  kind  of  6W/;  Dials  the  SouthVolc  \s  elevated,  and  the 
Stile  pointeth  downwards ;  except  in  fuch cafes  wherein  it  is  required  other- 
wife. 

S  E  C  T.  V. 

£4// and  IVelf  Plains  are  parallel  to  the  Meridian  or  Twelfth  Horary  Circle; 
and  confequcntly  to  the  Axis  of  the  World:  and  have  thesefore  neither 
Center  nor  Meridian-Line.  And  in  them  the  Subftile  is  a  Line  drawn  up 
toward  the  North  from  a  Line  parallel  to  the  Horizon,  at  an  Angle  equal  to 
the  Elevation  of  the  Pole :  and  is  therefore  parallel  to  the  Axit  of  the  World. 


CHAP.  VII. 

A  general  way  for  the  infeription  of  Subftile^  Stile  and  Meri¬ 
dian,  in  all  Declining  Dials. 

Figure  1  ARraw  a  long  line  parallel  to  the  Horizon,  and  note  the  £^//  and  fVeli 
I.  1  J  ends  thereof :  crofs  it  with  a  perpendicular  line,being  theDiameter,def- 
cnEeaSemicircle  that  way  toward  which  theDecIination  isekhevEasiovJVelf, 
Tlien  beginning  at  the  upper  end  of  the  Diameter  if  the  Plain  ftand  South- 
ward,  or  elfe  at  the  lower  end,  if  it  Band  Northward  ("but  contrarily  in  the 
Hemifpherc  j  reckon  upon  the  Semicircle  thefc  three  Arches,  name¬ 
ly  the  Elevation  of  the  Pole,  the  Declination  of  the  Plain,  and  the  Ere£Iion 
thereof.  To  the  end  of  each  of  thefe  Arches  draw  a  Line  out  of  the  Center 
A,  But  the  Line  of  the  Declination  muft  be  extended  beyond  the  Center. 
Take  alfo  on  thefirft:  line  the  point  B  toward  the  Semicircle  where  you  fhall 
fee  convenient :  and  through  the  point  B  draw  a  Line  parallel  to  the  Diame¬ 
ter,  cutting  the  Line  of  ereaion  in  E,  and  the  Line  of  the  Pole’s  Altitude  in 

C.  Then  on  the  Line  of  Declination  beyond  the  Center  meafure  A  P  equal 
to  B  C,  and  through  the  point  P  draw  a  long  line  parallel  alfo  to  the  Dia¬ 
meter  called  theremre  the  fecond  parallel.  Alfo  from  the  point  E  draw  a 
long  line  for  the  Horizon  parallel  to  A  B,  cutting  the  line  of  Declination  in 

D,  the  Diameter  in  G,  and  die  fecond  parallel  in  F. 

Again 
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,  Again  from  the  Center  A  upon  the  Diameter  toward  the  contrary  end  to 
that  where  you  began  to  reckon  the  three  Arches,  meafure  A  L  equal  to  A  E, 
and  through  L  dtaw  the  Prohorizon  parallel  alfo  to  A  B,  cutting  the  fecond 
parallel  in  H,  ana  thereon  mealhre  L  M  equal  to  D  G  dire£lly  under  it ; 
Draw  A  M  for  the  Meridian-line. 

Laftly,  on  the  Line  of  Ereftion  meafure  A  N  equal  to  P  F,  and  from  the 
point  N  draw  the  Line  N  O  parallel  to  the  Diameter:  and  on  the  fecond  pa¬ 
rallel  from  the  point  H  meafure  H  S  toward  the  Horizon  equal  to  N  O, 
And  from  the  Center  draw  A  S  for  the  Subftile ,  over  which  the  Stile  muft 
Hand  perpendicularly  having  at  S  the  height  of  the  line  A  O ,  wherefore  up¬ 
on  the  point  S  creQ:  the  Line  S  Z  perpendicular  to  the  Subftile  and  equal  to 
the  Line  A  O,  and  from  the  Center  draw  A  Z  for  the  Stile,  fo  that  the  an¬ 
gle  Z  A  S  fliall  be  the  height  of  the  Stile  above  the  Subftile. 

Note  that  if  the  point  P  fall  not  between  the  Horizon  and  the  Prohorizon 
the  contrary  Pole  fhall  be  elevated,  and  therefore  the  Subftile  and  Stile  fhall 
be  drawn  forth  on  the  other  fide  of  the  Center,  as  it  is  done  in  the  fecond  Fi¬ 
gure. 

And  if  the  point  P  fall  on  the  Horizon,  the  Plain  is  parallel  to  fome  one 
Meridian  Circle,  and  confequently  to  the  of  the  World,  and  hath 
therefore  no  Center.  An  example  of  this  kind  (becaufe  it  is  miftaken  by 
many  Writers  of  the  Art  of  Dialling)  is  here  after  fet  down.  « 

And  if  the  Declining  Plain  be  upright  or  erected  90  deg.  the  Horizon  fhall 
be  the  Line  AB,  and  the  Prohorizon  fhall  be  drawn  parallel  to  it  at  the  di- 
ftance  of  the  Line  A  B,  and  the  point  S  fhall  fall  upon  the  point  H,  upon 
which  the  Stile  fliall  have  height  equal  alfo  to'P  F.  And  the  Line  or  Dia¬ 
meter  A  L  fhall  be  the^eridian. 

.  If  the  Arch  of  Declination  chance  to  be  fo  great,  that  the  point  D, 
being  the  concurrence  of  the  Line  of  Declination  with  the  Horizon,  will 
■will  not  fall  with  your  Paper,  you  may  find  out  the  Angle  LAM  for  the 
draw  mg  of  the  Meridian  Line,  thus. 

D]  aw  a  Line  ct  g  as  in  Fig,  I.  touching  the  Semicircle  in  the  Diameter :  and 
thereon  meafure  ct  A  equal  to  the  fine  7/ G  :  then  draw  the  Line  A  parallel 
to  the  Line  of  Declination.  Laftly,  out  of  the  Center  draw  A  So  have 
you  the  Angle  a  A  f*  fought  for. 


CHAP.  VIIL 

11.  The  manner  how  to  infcribe  the  re§l  of  the  Hour-lines. 

TAke  the  point  R  any  whereupon  the  Subftile  formerly  infcribed  ;  and 

through  itdraw  a  long  line  perpendicularly  T  R  V  for  the  Contin-  jjj 
gent  line :  and  where  theContingent  line  crofteth  the  Meridian  line,note  that 
point  with  the  letter  K.  Then  meafure  the  neareft  -diftance  of  the  Stile 
frcm  the  point  R,  and  fet  R  ^upon  the  Subftile  equal  to  it :  Q. fhall  be  the 
Center  of  the  jFquinoflialCircle :  defcribe  therefore  the  iEquinoftialCir- 
,  cle  of  what  bignefsyou  willupon  the  Center  Q.  And  laying  your  Ruler  up¬ 
on  the  Center  (iand  the  point  K,  the  Interfeftion  of  the  Meridian  and  Con¬ 
tingent  lines, -draw  the  Line  (i  K  X  cutting  the  ^quino£lial  Circle  in  X, 

This  Line  Q.  K  X  is  the  Meridian  line  of  the  iEquinoftial,  at  which  you 
muft  begin  to  divide  that  Circle.  Divide  it  therefore  (beginning  at  X)  into 
24  parrs. 


I 


Then 


GEOMETRICAL  DIALLING. 

Then  applying  your  Ruler  unto  the  Center. and  each  of  thofe  Divifi- 
ons  which  are  in  the  two  Quadrants  of  the  ALquinoftial  next  to  the  Contin¬ 
gent  line,  where  in  every  place  your  Ruler  ctftteth  the  Contingent,  make 
there  obfcure  Fricks.  And  out  of  A  the  Center  of  the  Dial  through  each  of 
thofe  obfcure  Pricks  draw  fair  long  lines  for  the  Hour-lines.  And  by  conti- 
nuing  thofe  Hour-lines  through  the  Center  you  may  fill  up  the  whole  24 
Hours. 

But  if  the  Dial  have  no  Center,  the  Hour- lines  mu  ft  be  drawn  parallel  to 
theSubftile:  and  the  height  at  which  the  Stile  fhall  hang  parallel  above  the 
Subftile,  ftrall  be  equal  to  the  (pace  between  the  Contingent  line,  and  the 
Center  of  the  jRquinoQ;ial,  that  is  equal  to  Q  S.  ^  , 

The  Hour-lines  being  drawn,  muft  be  noted  with  their  proper  figures  be¬ 
ginning  at  the  Meridian,  or  Noon,  or  i2a-clock-line:  and  from  thence 
fetting  down  the  morning  Hours  on  the  WeH  fide ;  and  the  afternoon  Hours 
in  order  on  the  Eali  fide.  And  the  Dial  will  be  more  artificial  and  feemly  if 
you  omit  all  thofe  Hours  which  ferve  not  for  ufe  at  fome  time  of  the  year. 

Now  concerning  fuch  Dials  in  which  the  point  P  fallethonthe  Horizon 
(an  example  whereof  is  in  the  fecond  figure  following^  although  the  point 
M  falleth  upon  S,  yet  the  Subftile  (by  reafon  ofthe  obliquity  of  the  Plain  of 
the  Meridian  unto  the  Plain  of  the  Dial)  fhall  be  diftraaed  from  the  1 2  a- 
clock-line:  In  which  cafe  you  fhall  find  out  the  Meridian  of  the  jRquino- 
no^ficil  thus.  Through  the  point  in  which  the  Line  of  the  Ere^Iion 
cutteth  the  Semicircle,  draw  9/ parallel  to  the  Diameter,  then  with  your 
CompafTes  take  ^  w  the  Sine  of  theComplement  of  the  Elevation  of  the  Pole, 
and  fetting  one  foot  in  y  with  the  other  foot  defcribe  x  in  the  Line  A  B,  and 
tliereunto  draw  the  Line  y  x.  Then  upon  the  .^quinoiSlial  Circle  from  the 
Subftile  meafureout  the  Angle  A  QXecjual  to  the  Angle  x  y  downward 
if  the  Plain  be  but  upward  if  it  be  North,  And  fo  fhall  you  have 

QKXthe  Meridian  of  the  iEquinoftial,  whereat  you  muft  begin  to  di¬ 
vide  that  Circle. 

The  example  in  Eig.  III.  may  ferve  for  all  Dials  having  Centers :  if  withal 
you  remember  that  in  fuch  Dials  which  have  the  fame  Line  both  for  the  Me¬ 
ridian  and  Subftile,  the  fame  Linealfois  the  Meridian  of  the  iEquinoflial, 
which  you  muft  begin  to  divide. 

The  example  in  Fig,  IV.  may  ferve  for  all  Dials  having  no  Centers :  if 
withal  you  remember  that  in  Dials  parallel  to  the  Plain  of  the  Sixth  Horary 
circle,  the  fame  Lineis  the  Subftile,  and  the  Meridian  both  of  the  Dial  and 
of  the  jEquinodlial.  And  that  in  EaH  and  WeH  upright  Dials  the  Meri¬ 
dian  of  the  Aiquinodial  is  that  Diameter  thereof,  which  is  parallel  to  the 
Contingent  line. 

The  End  of  the  coni  Tractate. 
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INSTRUMENTAL 

DIALLING 

Performed  by 

Scales  o^ Natural  Sines  &  Tangents. 

Shewing  (by  an  eafie  Artifice)  in  2iny Latitude 
Hour-Lines  may  be  delcribed  upon  all  kind  of 
Tlain  Superficies ;  by  Referring  all  Declining  Re¬ 
clining  Plains, to  New  Latitudes  and  New  Decli¬ 
nations  ;  where  they  Ihaill  become  only  Upright 
Decliners. 

AND 

How  the  fame  Work  may  be  performed,  by  Trigonometrical 
Calculation^  by  the  CANONS  of  Artificial  SiNES&XangenTS. 

The  Third  TRACT  AT  E.  ~ 

_ _ _ )  7  '  _ _  ,  .  __ 

P  R  0  E  M  E. 

IN  this  Tra5tatel  fhall  be  very  brief,  the  manner  of  making  of  Sun-DUU 
by  help  ofthefe  Scales  being  very  eafie  toperforrn,and  nolefs  delightful 
to  put  in  Pradice  :  And,the  manner  of  working  being  (almoft)  the  fame 
in  all  Cafes ^  I  fhall  not.need  to  give  Examples  in  all  Varieties  of  E tains 
but  in  One  or  7W, which  \yill  be  fufficient  for  all  Cafies,  For  one  Example  may 
very  well  ferve  for  all  K ?rttcal  or  Horie.ontal^2\[Direct  North  dinASouth  Plains^ 
whQthtY  Erecl^  Reclining  ox:  Jnclininfi^ :  And  another  Example  o?  2Ln.  Vpright ' 
Flainy  Declining  from  ijie  North  or  South ^  towards  the  EaH  or  WeH :  For  all 
Other  Plains^  as  Di.r^  EaH  or  IV Recliners  or  Irlcliners ;  as  alfo  of  all  North 
and  South  Recliners  or  Inc  liner  s^  which.  Decline  alfo ;  Thofe  (by  the  Artifce  de¬ 
livered  in  thisTra^ate')  may  be  Reduced  to  2iNew Latitude^ md  ^New  Decli¬ 
nation  in  that  Latitude^  where  they  fhall  ftand  as  Vpright  Declining  Plains, 
And,  forafmuch,  as  all  Inftrumental  ways  (at  the  beft/are  fubjeft  tofome  in- 
.conveniencies  in  many  Ihave  therefore  alfo  framed  Canons^  whereby 
this  Artificial  way  oi Referring  DecliningRecliningPlains  to  NewLatitudes  2ind 
New  Declinations^  where  they  may  {land  as  Vpright  Plains^  may  be  perfor¬ 
med  by  Trigonometrical  Calculation^  by  the  Canons  or  Tables  of  Artificial  Sines 
'  and  Tangents.  CHAP. 
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C  H  A  P.  I. 

f  ^ 

Of  Vertical  or  Horizontal^  as  alfo  of  T>ireS  North  or  South  Ere&^ 
or  Reclining  and  Inclining  Plains ^  how  to  defcribe  Hour-Lines 
upon  them. 

WHat  thefe  feveral  Thins  are,  hath  been  already  Ihewed  in  Chap 

T raciAte  I,  And  that  there  is  nothing  in  all  thefe  Plains  required 
to  be  known  before  Hour-lines  can  be  drawn  upon  them,  but  the  Latitude  of 
the  Place  and  Reclination  or  Inclination  of  the  Plain :  And  how  that  may  be 
attained  is  alfo  fliewed  at  larg(?  in  the  14th  and  i6th  Chapters  of  the  Firft 
Tratoe.  And  therefore  to  pafs  by  the  finding  of  thofe  things  I  will  im¬ 
mediately  proceed  to  Examples. 

* 

Suppofe  therefore,  that  a  Direft  South  Plain^  in  the  Latitude  of  ^  2  deg. 

fliould  Recline  icowi  the  Z^enith  28  deg. 

By  the  forementioned  Chapters.^  the  Height  of  the  Pole  above  fucha  Plain, 
•would  be  found  to  be  50  deg.  For  28  deg.  the  Reclination  of  the  Plain  being 
Subfiraded  from  58  deg.  the  Complement  of  the  Latitude,  the  Remainder 
will  be  30  deg. and  fo  much  is  the  Pole  Elevated  above  the  Reclining  Plain. 
Which  known ;  the  Dial  may  be  made  as  follow eth. 

Fkure'  two  right  Lines,  one  for  the  Meridian,  and  Hour-line  of  12; 

f  ^  the  other  for  the  Horizon,  and  Hour-line  of  6  ;  eroding  at  right  Angles  in 
O,  the  Center  of  the  Dial. 

2.  In  all  thefe  Horizons,  Direfl  North  or  South  Plains,  whether  Erelf^ 
Reclining  ov  Inclining,  Take  [always]  90  deg.  out  of  the  Scale  of  Sines,  (or 
45  deg.  out  of  the  Scale  of  Tangents,  which  is  equal  thereto]  and  fet  that 
dilfance  upon  the  Meridian  Line,  from  O,  the  Center  of  the  Dial,  to  X. 

3’  .  Out  of  the  Scale  of  Sines  alfo,  take  the  height  of  the  Pole  above  the 
Plain  fin  this  Example  30  deg.)  and  fet  them  from  O  to  A,  and  from  O  to  B, 
and  draw  the  Lines  A  X  and  B  X. 

T  tire  finding  of  the  Hour-points,you  mufl:  draw  a  right  Line  as  C  E  D, 

£  and  taking  45  deg.  from  your  Tangent  Scale,  with  that  diftance,  upon  E  as  a 
Center,  defcribe  the  Semicircle  C  F  D :  Alfo,  from  your  Scale  of  Tangents  take 
1 5.  deg.  (or  one  hours  Equinoctial  Diftance,]  and  fet  them  from  E  to  H,  like- 
wife,^  take  3  o  deg.  and  fet  them  from  E  to  I.  And  at  E  fet  E I II.  —  In  like 
manner,  'the  whole  Hour-fpaces  E  III :  E II :  E  I,  being  thus  pricked  down 
upon  the  Line  E  D,  you  may  infert  between  them  the  Equinoctial’  Diftances  • 
for  the  Halves,  and  Quarters  of  Hours,  .by  taking  3  deg.  45  min.  for  one  j 
Quarter,  7  deg.  3  o  min*  for  half,  and  1 1  deg.  1 5  min.  for  3  quarters  of  an  Hour,  1 
out  of  your  Tangent  Scale,  and  fetting  them  from  E  to  i  2  3  for  the  quar¬ 
ters  of  that  Hour - Alfo  1 8  deg.  45  min.  —  22  deg.  30  min.  and  26  deg. 

1 5  min.  will  divide  the  Space  between  the  Hour-points  of  I  and  II  into’Quar-  ; 
.  ters  alfo  — —  And  Laftly,  3  3  deg.  45. min.  —  3 7  deg.  3 o  min.  and  41  deg.  ' 
1 .5  min.  will  divide  the  Space  between  the  Hour- points  of  I  and  D  into  Quar-  ^ 
ter3  like  wife ;  And  fois  your6>wV/>f/f,  ov  Hour-Scale  E  D,  rather,  divided,  j 

And  / 


) 
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And  here  Note,  That  this  Semicircle.,  or  Hour-Scale  being  thus  prepared  it 
is  ready  tohnd  the  Hour-points,  not  only  inthde  Dtreci  Plaim,  but  in 

all  upright  Declining  Plains  alfo - -  And  now  let  us  proceed  to  finifli 

,  the  Dial. 

^  5.  Take  in  your  CompafTesthe  length  of  the  Line  A  X  or  B  X,and  fetthat 
diftance  upon  the  Semicircle  from  D  to  and  draw  the  Line  C  a. 

6.  Set  one  foot  ofthe  Compalfes  in  theHour-point  of  I,  in  the  Line  E  D  of 
the  Semicircle,  and  with  the  other  take  the  leaft  diftance  to  the  Line  C 
which  fet  upon  the  Lines  A  X  and  B  X,from  X  to  5  and  from  X  to  7,  and  alfo 

■from  A  to  1 1,  and  from  Bto  i. - Again,Set  one  foot  of  your  Compalfes 

in  the  Hour-point  of  II,  in  the  Line  E  D  ofthe  Semicircle, and  with  the  ocher 
take  the  neared  didance  to  the  Line  C  and  fet  that  did ance  upon  the  Lines 

A  X  and  B  X  of  the  Dial,  from  X  to  4,and  from.  X  to  8 :  and  alfo  from  A  to  2  ’ 

and  from  B  to  10.  - - Ladly,  the  lead  didance  taken  from  E  (or  III  the 

third  Hour-point  in  tlie  Semicircle)  to  the  Line  C  mud  be  fet  upon  the  Lines 
A  X  and  B  X  from  X  to  9,  and  from  X  to 

7.  Lines  being  drawn  from  O,  the  Center  of  the  Dial,  through  the  re- 
fpecfive Points  1,  2,  3,  &c.  1 1,  10,  9,  &c.  they  fhall  be  the  true  Hour-lines 
belonging  to  the  Reclining  Plain. 

8.  Ladly,  llie  Stile  mud  dand  upon  the  Meridian  Line  O  X  (which  is  al¬ 
fo  the  Subdile)  making  therewith  an  Angle  of  30  deg.  and  fo  is  the  Dial 
Hnifiied. 

Note,  In  the  fame  manner  as  you  found  the  Points  for  the  whole  hours,  by 
taking  the  lead  didances  from  the  hour- points  of  I.  11  and  III,  to  the 
Line  Qa\  So  may  Points  for  the  Halves  and  Qtiarters  oFHours  be  found 
by  taking  of  the  lead  didances  from  the  Points  i,  2,  3  to  the  fame  Line 
Q  a. 


c  H  A  p.  n. 


Of  upright  (or  Ere3)  Declining  Plains,  and  how  to  find  the  Place  of 
the  Stile  and  Subftile )  and  todefcribe  Hour-Lines  upon  fuch  De~  ’ 
dining  Plains  in  any  Latitude. 

LEt  it  be  required  to  deferibe  Hour-Lines.,  and  to  find  the  place  of  the  ' 

Stile  and  upon  an  Upright  Plain,  Declining  from  tliQ  South  to¬ 
wards  the  20  degrees,  in  the  of  46  deg.^ 

I .  Draw  a  right  Line  perpendicular  to  the  Horizon  for  the  Meridian  of  the  Figure 
Place,  and  Hour-line  of  12.  Towards  the  upper  part  thereof,  if  the  Plain  HI. 
behold  the  South,  as  here  it  doth  (or  towards  the  lower  part  thereof  if  the 
Plain  had  beheld  the, North)  alTume  any,  point,  as  G,  for  the  Center  ofthe 
Dial. 

2.  Out  of  yotir  Scale  Tangent s  t2L\<.Q  ^6  deg.  the  Latitude  of  the  Place, 
and  fet  them  from  G  to  H.  Alfo,  from  the  fame  Scale  take  44  deg.  the  Com¬ 
plement  ofthe  Latitude,and  fet  them'  from  G  to  and  from  H  to  K,making 
G  Qand  H  K- perpendicular  to  G  H,  and  then  draw  QK  which  will  be  paral¬ 
lel  and  alfo  equal  to  G  H. 

3.  From  the  Scale- of take  20  deg.  the  Plain’s  Declination,  and  fet 
:  .  D  d  them 


4 


102  INSTRUMENTAL  DIALLING. 

them  from  HtoL,  and  from  Qto  R,  through  which  points,  draw  GL  for 
the  Subftile  of  the  Dial,  and  G  R  for  the  Hour-line  of  Six,  which  Hour-line 
of  Stx  you  muft  draw  quite  through  the  Center  of  the  Dial. 

4.  I'ake  70  deg.  the  Complement  of  the  Plain’s  Declination,  out  of  the 
Scale  of  Sines,  and  fee  them  from  G  to  1 2,  upon  the  Line  G  H,  and  from  L  to 
M,  making  M  L  perpendicular  to  G  L ;  and,  through  M,  draw  G  M  for  the 
Stile  of  the  Dial. 

5.  Out  of  the  Scale  of  Sines  take  44  deg.  the  Complement  of  the  Latitude, 
and  fer  them  upon  the  Line  G  Q  ,  front  G  toP;  and  through  P,  draw  a  I.ine 
P  6  Parallel  to  G  H,cutting  the  Hour-line  of  Six  in  6. " 

^K^ure  7.  Take  in  your  Compalfes  out  of  your  Dial-plainthe  fltorter  Line  12.  6^ 
II.  and  repairing  to  your  Semicircle, fet  it  from  D  to  l»,and  draw  the  Line  C  b. — 
Alfb  take  the  longer  Line  1 2.6, and  fet  it  upon  the  Semicircle  from  D  tof,  and 
draw  the  Line  C 

8.  From  the  Hour-point  of  1.  in  the  Hour-fcale,  or  the  Semicircle,  take  the 
lead  did ance  to  the  Line  C  b,  and  fet  that  diftance  upon  your  Dial  from  1 2  to 

7,  and  from  6  to  1 1 - Alfo  take  from  the  point  II,  the  leaf!  diffarxee  to 

the  Line  C  b,  and  fet  that  diftance  upon  your  Dial  from  1 2  to  8,  and  from  6 

to  10 - And  the  lead  diftance  taken  from'  III  or  E,  to  the  Line  C 

muft  be  fet  upon  the  Dial  from  12,  or  6,  to  9.  And  thus  are  Points  for  Six 

of  the  Hour-lines  found.- - In  like  manner,  take  the  lead  diftance  from  the 

Hour-point  of  I,  to  the  Line  C  c,  and  fet  that  diftance  upon  the  Dial  from  1 2 

to  5,  and  from  6  to  1.  - - Alfo  the  lead  diftance  from  11  to  C  c,muft  be  fet 

fi'om  12  to  4;  and  from  6  to  2. - And  Laftly,che  diftance  from  III  or  E, 

to  C  c,  muft  be  fet  from  1 2,01*  6,  to  ^ .  And  fo  have  you  points  for  all  the  hours. 

- Through  which  right  Lines  drawn  from  the  Center,  fhall  be  the  true 

Hour-lines  required  to  be  drawn. 

In  the  fame. manner  may  the  Halves  and  Quarters  of  Hours  be  inferted; 
And  for  the  Stile  of the  Dial  it  muft  ftand  Perpendicular  upon  the  Subftilar 
,  Line  G  L,  making  an  Angle  therewith  equal  to  the  Angle  MG  L.  And  fo 
will  your  Dial  befiniflicd. 


CHAP.  III. 

0/^Eaft  and  Weft  Reclining  or  Inclining  Plains, 

^I~^Hefe  ErfJ/and  Vl^eH  Reclining  zwdi  Inclining  Plains  maybe  deferibed 
and  drawn  by  the  dire^ions  of  the  lad  Chapter;  If  firft,  you  find 
out  in  what  Latitude  fuch  an  Ball  or  Wejl  Reclining  Plain,  will  be  an 
Erect  or  Upright  Plain ;  And  alfo,  what  Declination  that  Upright  Plain  fhall. 
have  in  that  AW  Latitude :  And  in  Eali  or  Well  Reclining  or  Inclining  Plains 
this  Nex9  Latitude  and  New  Declination  may  be  eafiiy  found  TTor ; 

I.  The  New  Latitude  will  be  (always)  the  Complement  of  the  Old  Lati¬ 
tude',  And ; 

’  2.  The  New  Declination  will  be  (always)equal  to  the  Complement  of  the 
Reclination  in  the  Old  Latitude, 

Example :  Suppofe,  that  a  Direff  EaH  or  Well  Plain  in  the  Latitude  of  j  5 
deg.  fhoLild  Reilineicom  the  Z^enith  26  deg.  30  min.  In  what  Latitude  will 
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this  EaH  Reclining  PUin  be  an  Upright  Plain  ?  And  what  Declination  fliall 
it  have  in  that  New  Latitude  ? 

I*.  The  Old  Latitude  is  3  5  deg.  the  Complement  whereof  5  5  deg.  is  the  New 
Latitude, 

2.  The  Old  Reclination  is  26  deg.  30  min.  and  the  Complement  thereof  63 
deg.  30  min.  is  the  New  Declination,  Wherefore  ;  - 

If  you  make  (by  the  dire8;ions  of  the  laft  Chapter)  an  Upright  Dial.^  De- 
dining  63  deg.  30  min.  in  the  Latitude  of  55  deg.  That  Dial  fhall  be  the 
fame  with  a  Dire^l  EaH  Dial  Reclining  26  deg.  30  min.  in  the  Latitude  of 
?5deg.  .  '  ■ 

Only  this  is  to  be  retnembred,  That  in  all  Upright  Pkms  the  Hour-lixe 
of  12  hands  Perpendicular  to  the.  Horizon.,  and  in  all  Eajl  otWefl  Recli- 
ners  the  Hour-line  of  1 2  muft  lie  Parallel  to  the  Horizon, 

An  Example  of  an  F.afi  or  Wefi  Reclining  Dial, y 00  have  in  the  lA^th  Chapter 
of  the  Eirfl  Trail  ate,  Fig.  IX. 

Note  moreover,  that  when  the  New  Latitude  and  New  Declination  are 
found  as  before,  the  Upright  mull:  be  drawn  to  the  New  Latitude 
and  New  Declination,  and  not  to  the  Old, 


CHAP.  IV. 

Cmcerning  North  and  South  Plains  y  which  do  both  Decline 

and  Recline. 

beft  way  to  deferibe  Hour-lines  upon  thefe  kind  of  Plains,  will  be : 

1.  To  refer  them  to  2L.New  Latitude  where  they  may  be  Upright  Plains : 

And  ; 

2.  To  find  what  Declination  they  fhall  have  in  that  New  Latitude:  And  ; 

3.  To  know  how  much  the  (or  Hour-line  of  12)  muR  afeend a- 

hove,  or  depend  below  the  Horizontal  Line  of  the  Reclining  Plain:  And  ; 

4.  Which  way  (or  to  what  Coafl)  that  Afeenfton  or  Defcenfwn  muft  be :  And  ; 

5.  How  the  Dial  (being  drawn  upon  Paper,  according  to  its  New  Lati¬ 
tude  and  New  Declination')  is  to  be  transferred  from  the  Papei; Draught 
upon  the  Plain. 

And  to  find  thefe  Five  Requifites,  and  to  transfer  the  Dial  to  the  Plain, 
fliall  Idc  the  work  of  this  Chapter. 

Let  it  be  required  to  find  the  Five  forementioned  Requifites,  in  a  South 
Plain  which  Declineth  from  the  South  Wefiward  24  deg.  20  min.  And 

Reclineth  from  the  Zenith  54  deg. 

*■ 

'  •  I.  To  New  Latitude.  ' 

I .  Deferibe  a  Semicircle  B  D  A,  whofe  Diameter  B  A,  let  be  made  equal  to  Figure 
90  deg.  of  your  Scale  of  Sines,  or  to  45  deg.  of  Scale  ol  Tangents,  which 
is  all  one :  Then :  2.  Take 
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2.  Take  ^6  deg.  the  Complement  of  the  Plain’s  Reclination,  out  of  your 
Scale  of  Titme?7ts.2i\.\d.  fet  them  upon  the  Semicircle  from  B  to  D, drawing  the 
Lines  A  D,  and  B  D.  ' 

Take  65  deg.  40.  min.  the  Complement  of  the  Plain’s  Declination  out 
of  the  Scale  of  Sines and  fet  them  from  A  to  C.  , 

4.  Set  one  foot  of  the  Compalfes  in  C,  and  take  the  neareft  diflance  to 
A  D,  which  dirtance  fet  from  A  to  E ;  fo  fhall  A  E  meafured  upon  the  Scale 
0^ Tangents,  contain  ]  3  deg.  30  min. 

A^ote  I.  In So/al;  Reclining  Plains,  (as  this  our  Example  is)  this  Tangent 
laft  found  (viz,.  3  3  deg.  30  min.)  muft  be  compared  with  thQ  Latitude 
of  the  Place,  51  deg.  30  min.  and  their  difference  is  18  deg.  whofe' 
Co\n\)\tn\tnt  2  is  the  A^etv  Latitude  fought. 

Note  2.  If  the  fourth  Tangent  laft  found  had  proved  to  be  equal  to  your 
Latitude,  the  Plain  would  have  been  an  Equinoliial  Plain:  Iflefs  than 
the  Latitude,  (as  here  it  is,)  the  contrary  Pole  (viz.  the  AWth  Pole')  is 
'  '  ■  Elevated. 

This  Rule  for  South  Recliners.  But  for  North  Recliners, 

Note ,  That  the  Fourth  langent  laft  found,  mufl:  be  compared  with  the 
Complement  of  the  Latitude  of  tlie  Place;  And  if  it  prove  to  be  equal 

thereunto, the  Plain  is  a  PoLr  Declining  Plain. - ^ — ^Bnt  if  it  greater 

or  lefs  than  the  Complement  of  the  Latitude,  the  difference  between 
them  is  the  New  Latitude. 

'  '  .  .  . 

II.  To /naf  TO  New  Declination. 

FDure  Take  ^6  deg.  the  Complement  of  the  Plain’s  Redination,  out  of  the 
Scale  of  Sines,  and  let  them  from  B  to  F,  and  draw  the  Lines  B  F  and  A  F. 

2.  Take  24  deg.  20  min,  the  Plain’s  Declination,  out  o^thQ  Scale  o^ Sines, 
and  fet  them  from  A  to  G. 

3.  From  the  Point  G,  take  the  leaf!:  diflanceto  the  Line  E  A,  and  fet  that 
diftance  from  A  to  H ;  So  fhall  the  diflance  A  H  meafured  upon  the  Scale  of 
Sines,  contain  14  deg.  i  min.  And  fo  much  is  the  New  Declination,  in  the 
fore-found  New  Latitude. 

Note,  That  the  New  Declination  thus  found,  is  {2Xss[‘^^i'\le[s\n  Quantity 
than  the  Old  Declination  was :  But  it  is  [always]  to  the  fame  CoaH,  that 
is  to  fay,  from  the  North  or  South,  towards  either '£4//  or  WeH,  as  the 
Old  Declination  was. 


III.  To  find  the  Meridian  Afeenfion  or  Defeenfion. 


Figure 

IV. 


1.  Take  24  deg.  20  min.  The  Plain’s  Old  Declination,  out  of  the  Scale  di 
Tangents,  and  fet  them  from  B  to  K,  and  draw  the  Lines  B  K  and  A  K. 

2.  Take  54  deg.  the  Plain’s  Reclination  ,  out  of  the6V4£of  Sines, zndPet 

them  from  A  to  L.  •  •  ' 

3.  Take  the  leaft  diftance  from  L,  to  the  Line  AK,  whic^  diftance  fet 
from  A  to  M,  and  A  M,  meafured  upon  the  Scale  of  Tangents 'will  give  20 
deg.  6  min.  for  the  difiance  of  the  Meridian  from  the  Horizon. 


IV.  To 


(? 


j 
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ly .  To  find  which  way  (or  to  what  Coafl: )  the  Meridian-  Line, 
Alcending  or  Defcending  above  or  under  the  Horizontal 
Line  of  the  Plain,  is  to  he  drawn,  .  -  • 

.  ^  d  ,  ... ,  f 

Thelail:  Sect  to  fi  of  this  Chapter  taught  how  to  find  the  quantity  of  the 
^  Angle  which  the  Meridian  ihakes  with  the  Horizontal  Line  of  the  Plain  : 

Novv  itrclleth  to  letyou  know,  to’ what'Ci?^//,  it  muftbe  drawn,  andalfo 
'  whether  it  inufi:  be  dra'.vn  to  aTcend  above,  or  defeehd  below  the  Horizon¬ 
tal  Line  of  the  Plain :  For  which  t^ke  thefe 

*  ♦ 

General  Rules, 


*  ' 

.  .  ,  '  QaboverThatendoftheHorizon- 
LefsthaiiEq'uinoftialjthe^  ^talLine,  whichliescon- 
Meridian mufi  be  drawn,  y  '  'itrary  to  the  Coafl:  of  the 

^?.bel6ww Plain’s  Declination.' 

r  belowr  T  hat  endof theHorizontal 
More  thanEquino£tial, the  y  ^Line,  which  lies  the  fame 

Meridian  inufl:  be  drawn, y  ^  way  with  the  Coafl:  of  the 

Cabove  C  Plain’s  Declination. 


In 


North  Iii- 
cliners. 
iSoutli  Rc- 
diiieis. 


In 


'^V 


‘KoitliRe- 
cliners. 
iSonth  In- 
diners. 


above 


Lefs  than  a  Polar,  the  Me-^ 
ridian  mufl:  be  drawn, 


below 


That  end  of theHorizontal 
Line  that  looks  the  fame 
Way  with  the  Coafl:  of  the 
Plain’s  Declination  -  And 
this  Meridian  thus  drawn 
in  North  Recliners,repre- 
/ents  1 2  at  Midnight. 


Equal  to  a  Polar,  the  Meridian  muff  be  drawn  below  the 
Horizontal  Line  at  that  end  which  is  contrary  to  the  Coafl: 
of  Declination,  and  the  Six  of  Clock  Hour-Line  is  always 
the  Subftile. 


More  than  a  Polar  jthe  Me¬ 
ridian  muft  be  drawn, 


below  And  from  that  ehd  of  the 
Horizontal  Line,  which 
lies  contrary  to  the  Coaft 
of  the  Plain’s  Declination 
—  And  in  South  Incliners 
it  is  only  fcrviceabic  to 
help  to  draw  the  reft  of 
above  1  the  Dial. 


i 


E  e 


V.  How 


t 

io6-  INSTRUMENTAL  DIALLING: 

V.  Hox:r  the  Dial  (being  made  according  to  the  New  Latitude 
and  New  Declination)  is  to  be  transferred  from  the  Paper-^ 
T)raught^  upon  the  Plain, 

Having  drawn  an  Horlz>ontal  LinsVi^^ovuYonv  Dial  Plain,  in  the  moft  con¬ 
venient  part  thereof,  and  made  choice  of  a  Point  therein  for  the  Center  of 
•  your  Dial,  apply  the  Center  of  your  Paper  Di-aught  to  this  Center,  moving 
the  Paper  Draught  about,  till  the  Meridian  Line  of  the  Paper  Draught  do 
make  an  Angle  with  the  Horiz,ontal  Line  drawn  upon  the  Plain, equal  to  what 
you  found  it  to  be  by  the  Third  SeNion  of  this  Chapter^  and  to  its  proper  CoaH 
as  you  found  it  fhould ,  by  the  Fourth  SeBion  hereof,  then  (if  you  have  not 
erred  in  any  of  your  former  workings)  will  the  Stile  your  Paper  Draught  ^ 
(or  rather  a  pattern  thereof  cut  out  in  Pa  ft-board)  being  placed  upon  the  dW’- 
fiile  of  your  Paper  Draught,  have  direLt  refpeft  to  the  Elevated  Pole  ^  And 
thus,due  refpeft  being  had  to  what  is  here  delivered, you  may  eafily  transfer 
the  Suftile  and  the  red  of  the  Hour-lines  to  the  Plain,  putting  thereon  fo  ma- 
*  ny  as  the  Plain  is  capab’e  to  receive  at  any  time  of  the  year :  And  leaving  out 
fuch  as  may  be  fupetfluous.  ? 

^  From  this  way  of  making  of  Declining  Reclining  Dials  by  transferring 
.  them  to  ^Neiv  Latitude  and  a  New  Declination  where  they  m.ay  be  Up¬ 

right  Declining  Plains  only,  it  will  fometimesfo  fall  out,  that  this  New 
Declination  may  be  great ^  and  then,the  bed  way  to  draw  fuch  Dials 

will  be  by  theDireflions  given  in  the  i  ^iA^Chapter  of  the  FirdTraffate. 

- - Alfo,  fometimes  the  Latitude  will  be  vzxy great ^  and  fome- 

times  very  fmall^  and  then  the  Precepts  for  finding  of  the  Place  of  the 
Subjlile^  Stile  and  Hour-line  oi'  Six  in  the  Second  Chapter  of  this  TraNdte^ 
will,  in  fuch  Cafes,  be  thought  infudicient ,  or  (at  lead)  inconvenient ; 
To  remedy  which  the  following  Chapter  is  added. 


C  H  A  P.  V, 

How  to  find  the  Place  of  Subftile,  Stile,  Hour-line  a/Six,&c. 
in  all  Upright  Declining  Plains,  in  fuch  Latitudes  where  the 
Pole  bath  either  very  Small  or  very  Great  Elevation, 

WHereasthe  Precept  delivered  in  the  Second  Chapter  hereof,  will  be 
only  convenient  in  thefe  Middle  Latitudes;  namely,  between 
and  6o  deg.  Yet  by  the  referring  Declining  .Reclining  Plains  m 
Ont  Latitude  toVpright  Decliners  only.,  in  Latitude  ^t\\2it  New  Lati¬ 

tude  will  fometimes  fall  out  to  be  either  very  Great  or  very  Small.,  and  how  to 
‘deal  with  upright  Declining  Plains  in  fuch  Latitudes ihzWbQ  here  taught. 

1.  Where  the  Latitude  is  but  Small. 

Suppofe  that  a  Declining  Reclining  Plain,  in  fome  one  Latitude,  being  re¬ 
ferred  to  a  New  Latitude  and  New  Declination,  the  New  Latitude  fhould  be 
^  found  to,be  20  deg.  and  the  Declination  jo  deg.  To  find  the  Place  of  the 
Subfiile^  Stile,  &c.  (the  Latitude  being  but  Small,  viz.  20  deg.)  proceed  ia 
manner  following.  i.  Dra\r 


INSTRUMENTAL  DIALLING. 


1.  Draw  a  right  Line  A  B  1 2,  for  the  Meridian  and  Hour-line  of  12, in 

which  Line  make  choice  of  a  Point  convenient  for  the  Center  of  your  Dial 
as  A.  ’ 

2.  Out  of  your  Scde  of  Tangents  take  45  deg.  (for  the  Radim)  fet  them 
from  A  to  C,  drawing  the  Line  A  C  at  right  Angles  to  the  Meridian  Line  A 

12, - Aifo,  Take  20  deg.  (the  Latitude)  out  of  yom  Scale  o^TangentSy 

and  fet  them  from  A  to  B, - Then  make  CD  equal  to  AB,  and  BD  e- 
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qual  to  ACjGonif  ituting  the  right  angled  Parallelogram  A  B  C  D,  and  draw¬ 
ing  the  Diagonal  Line  C  B. 

3.  Out  of  your  Scale  o^Sines.^t^ikc  30  deg.  (the  Plain’s  Declination)  and  fet 
them  from  t'to  E.  and  draw  the  Line  A  E  for  the  Subjlile  of  the  Dial. 

4.  Through  the  Point  E,  draw  tlie  Line  £  K  parallel  to  C  B,  cutting  the 

Line  C  D  in  K,  and  tlirough  the  Point  K,  draw  the  Line  A  Kfor  the  Hour¬ 
line  of  Six,  extending  it  through  the  Center  of  the  Dial  on  theoppofite  Side 
of  the  Plain.  .  ,  ,  ,  , 

5.  Upon  the  Point  E,  erecl  a  Perpendicular  to  the  Line  A  E,and  out  of 
your  ^^4/^  of  Sines,  take  60  deg.  (the  Complement  of  the  Plain’s  Declination) 
and  fet  them  from  A  to  1 2,  and  from  E  to  F,  drawing  the  Line  A  F  for  the 
Stile  of  the  Dial. 

6.  Take  70  deg. (the  Complement  of  the  Latitude)  out  of  your  Scale  of 
SineSy  and  fet  them  from  A  to*  H,  and  draw  the  Hz»,  parallel  to  A  B,  cut¬ 
ting  the  Hour-line  of  Six  in  6 ;  And  make  A  6,  above  the  Center  of  die  Dial, 
equal  to  A  6  Mow  the  Center  ;  and  draw  the  Lines  3  2. 6  and  1 2.  6. 

■  7.  Laftly,  if  you  takethefe  two  Lines  12.6  and  12.6  in  your  CompalTes, 
and  put  them  into  your  Semicircle  (or  Hour-Scale,'  Figute  III)you  may  di¬ 
vide  them  therefrom  as  before  in  Chapter  2,  at  the  Poin^^  5,6, 7, 8,9, 10 
and  II.  And  alfo  at  1,2, 3,4  and  5.  Through  which  Poi'^Lines  being 
drawn  they  fhall  be  tlie  true  Hour-lines. 


II.  Where  the  Latitude  is  Great. 


If  a  Declining  Reclining  Plain  being  referred  to  a  New  Latitude,  f^at 
N  ew  Latitude  fhould  be  found  to  be  70  deg.  in  fuch  Great  Elevations  of  the 
Pole,  workas  followeth. 

I.  Draw  a  right  Line  for  the  Meridian,  and  Hour-line  of  1 2,  as  ART,  af-  ^Tkure 


fuming  the  Point  A  for  the  Center  of  the  Declining  Dial, 


yi. 


2.  Out  of  your  Scale  of  Tangents  take  45  deg.  (or  the  Radius)  and  fet  them 
from  A  to  B.  • 

\  3.  Take  20  deg.  the  Complement  of  the  Latitude,  out  of  the  Scale  of 
Tangents,  and  fet  them  from  A  to  C,  and  from  B  to  D,  and  draw  the  Line 
CD,"  conftituting  the  Right-angled  Parallelogram  A  B  C  D. 

4.  Out  of  your  Scale  of  Sines,  take  30  deg.  (the  Plain’s  Declination,)  and 
fet  them  from  B  to  R,  and  from  C  to  G  ;  and  draw  the  right  Line  G  R, 
cutting  the  Line  B  D  in  E - Then  draw  the  Line  A  E  for  the  Subflilar 


Line  of  your  Dial,  and  AG  for  the  Hour-line  of*S7jf;  which  continue  thro* 
the  Center  of  the  Dial  A. 

5.  Take  60  deg.  (the  Complement  of  the  Rlairds  Declination)  out  of  the 
Scale  of  Sines,  and  fet  them  from  G  to  P  (upon  the  Line  C  D  continued )  and 
from  R  to  T,  and  from  A  to  1 2. 

6.  Draw  a  right  Line,  through  the  Points  T  and  P,  extending  it  till  it  cut 
the  Line  B  D  (that  being  alfo  extended)  in  the  Point  O. 

7.  Upon  the  Point  E,  ere8:  a  Perpendicular  to  the  Line  A  E,  making  EF 
equal  to  E  0,  and  draw  A  F  for  the  Stile  of  your  Dial. 


\ 


\ 


S.  Take 


8  INSTRUMENTAL  DIALLINL. 

8.  Take  20  deg.  (the  Complement  of  your  Latitude)  out  of  the  Scale  of 

<S  ines^  and  fet  them  from  A  to  H,  and  draw  the  Line  H  6  parallel  to  AB, 
Cutting  the  Hour-line  of  Six  \n6.  '  - 

9.  Make  A  6  above  the  Center,  equal  to  A  d  below  the  Center,  and  draw 

the  Lines  1 2.6  and  1 2.6.  ,  - 

Laftly,  Thefe  two  Lines  1 2.6  and  12.6  being  put  into  the  Semicircle  for 
Hour-Scale  Fig.  11.  you  may  divide  them  in  the  Points  5.6.7.8.9.10.1 1  and 
1.2.-^.^  and  5.  So  Lines  being  drawn  from  A,  through  thofe  Points,  fhallbe 
the  true  Hour-lines  for  the  Declining^  Reclining  Plains^  it  being  referred  to 
this  Neiv  Latitude  and  New  Declination, 


C  H  A  P.  VI. 


H.0W  the  Work  of  the  Fourth  Chapter  vs  to  be  performed  by  Trigo- 
,  nometrical  Calculation,  by  the  Tables  of  Artificial  Sines 
Tangents. 

*» 

I  ^HE  beft:  of  Injlrmnental  Operations  are  fubjeft  to  inconveniencies  in 
£  fome  Cafes ;  and  therefore  I  have  added  this  Chapter^  fhewing  how 
the. Work  of  the  Fourth  Chapter  may  be  performed  by  Calculation^  'which 
of  all  other  ways  muft  have  the  preheminence :  And  that  the  harmony  there 
is  between  Jnjlrumental  Operation  and  Arithmetical  Calculation  may  the  plain¬ 
er  appear,  I  will  take  for  ah  Example,  the  fame  Example  of  a  Declining  Re* 
dining  Plain^  that  is  in  the  forementioned  Fourth  Chapter^  viz,.. 


South 


Declining  Well  2t^deg,  20  min." 
Reclining - 54^^^*  00  min,  * 


Latitude  51  deg,  30  min.^ 


I.  To  find  the  New  Latitude. 

✓ 

As  the  Radius y  90  deg. 

Is  to  the  Confine  of  the  Old  Declination  65  deg.  40  min;’ 
So  is  the  Co-tangent  of  the  Reclination  3 6' deg. 

To  the  Tangent  of  3  3  deg.  30  min. 


10.000000 

9.95959(5 

9.361261 

9.820857 


Note  I .  In  South  Rediners  ( as  this  Example  is)  this  Fourth  Tangent  found, 
viz,  ^  ^  deg.  30  min.  muft  be  compared  with  your  Latitude,  and  the 
Complement  of  their  Difference  in  the  New  Latitude  fought  for:  So  this 
33  deg.  30  min.  being  Subftraffed  from  the  Latitude  51  deg.  30  min. 
the  Remainer  1 8  deg.  is  the  NEW  L  ATI  TV  DE. 

Note  2.  If  this  Fourth  Tangent  prove  to  be  Equal  to  your  Old  Latitude, 
the  Declining  Reclining  Plain  will  be  an  EQVINOCTIAL  PLAIN. 

Ncte^i  If  the  Fourth  Tangent  prove  to  be 


More  1  than  t\\QOld  ^Norn 


Ufs  SutitudnhASouthF<>‘‘ « Elevated in{ W. 
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In  North  Recliners. 

Note  I.  The  Fourth  Tangent  is  to  be  compared  with  thtComflement  of 
the  Old  Latitude^  and  their  Difference  is  the  NEW  LJT ITV  D  E. 

Note  2.  If  the  Fourth  Tangent  prove  to  be  Equal  to  your  Old  Latitude., 
the  Declining  Reclining  Plain  will  be  an  EffVINOCTJJL  PLAIN, 
DECLINING.' 

II.  To  find  the  New  Declination. 

«  r 

As  the  Radius,  90  deg. 

To  the  Co-fine  of  the  Reclination  56  deg. 

So  is  the  Sine  of  the  Old  Declination  24  deg.  20  min. 

To  the  Sine  of  14  deg.  i  rpin. 

Which  14  deg.  i  min.  is  the  New  Declination 

\ 

III.  To  find  the  Angle  made  between  the  Meridian  and  the  Horizon. 

0 

As  the  90  deg.  .  '  ,  10.000000 

To  the  Tangent  of  the  Old  Declination  24  deg,  20  min.  9.655^47 

So  is  the  Sine  of  the  Reclination  54  deg.  9-907957 

To  the  Tangent  of  20  deg.  6  min.  ^  JF'9.565304 

Whofe  Complement  60  deg.  54  min.  is  the  Angle  that  the  Meridian  mufi 
make  with  the  Horizontal  Line  of  the  Reclining  Plain. 


10.000000 


9.76921J 

9.614944 

.1^9.384162 


For  the  manner  how  the  Meridian  is  to  be  drawn,  whether  to  afeehd  above, 
or  to  defeend  below  the  Horizontal  Line,  the  Fourth  Seltion  of  the  Fourth 
hereof,  willdire6l. 


‘  C  H  A  P.  VII. 

Another  Way^  by  the  Scale  of  Sines  only^  To  deferibe  Hour^Lines 

upon  DireS  and  Declining  Plains.  ,  ^ 

■  ■■  ■  :  ■  ':f\ 

I.  For  Horizontal  North  or  South  Plains  either  Upright  or  Reclining.  4 

T  T  TITH  the  Radius  of  your  Scale  of  Sines  upon  A  as  a  Center  I  the 

y  V  Quadrant  ABC.  A Ifo  take  out  of  the  fame  Sc^le  the  refpeOiive  yi 
Sines  of  the  Equinoftial  hour  diftanees,as  of  i5,3o;45,6o,and75,  and  prick 
them  down  upon  the  Semidiameter  of  the  Quadrant  A  C  fri&m  A  at  the  points 
1 5,30,4  5,60  and  7  5,  and  through  them  draw  right  Lines  parallel  to  the  Side 
A  B  of  the  Quadrant,  as  the  Lines  1 5  4, 30  45  c,  60  d,  and  75^,  which  will 

divide  the  Quadrant’s  Limb  B  C  into  fix  equal  parts,  for  Via,ab,hc,c  d,de  and 
e  C,  are  each  of  them  1 5  deg.  of  your  Scale  of  Chords : — Alfo  take  the  Sine 
of  the  Latitude  ("liippofe  40  deg.j  out  of  the  Scale  of  Sines,  and  fet  them  from 
A  to  D,  and  drawing  the  Line  D  E  parallel  to  A  B,  and  the  Line  A  E  for  the 
Axis  or  Stfle  of  the  Dial. 

F  f  This 


jure 
VII. 


From 


75  to 

to  the  Axis  A  E, 
Mdfttitfrom 

to 


Hpofj  the  Line 


no  INSTRUMENT AL  DIALLING. 

This  done,  take  with  your  Compaffes  the  leaft  Diftance 

^of^ 

45. 

5o\ 
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Make  A  6  equal  to  the  Line  D  E,  or  fet  the  Sine  of  the  Latitude  (40  deg.) 
from  A  to  6. — Now  if  with  an  even  hand  a  Line  be  drawn  thro’  the  feveral 
Points  C,  1 1,10,9,8,7,6,  it  fhall  be  one  quarter  of  an  Ellipfts :  And  right  Lines 
drawn  thro’  thole  Points  from  the  Center  A,{hall  be  the  true  Hour-lines  of  an 
Horizontal  Dial  for  the  Latitude  of  40  deg.  or  of  a  South  or  North  Dial  in  the 
Latitude  of  50  deg.  or  of  any  Reclining  or  Inclining  Plain  in  any  Latitude 
whcre.the  Height  of  the  Stile  above  the  Plain  is  found  to  be  equal  to  40  deg. 

II.  For  Vpright  Declining  Plains. 

If  anUprightPlain  in  the  Latitude  of  40  deg.fhould  decline  from  the  South 
LaRward  14  deg.  by  feveral  ways  before  taught  (in  the  iH  2^,  Tra£l:ate) 
the  Height  of  the  Pole  or  Stile  above  fuch  a  Plain  would  be  found  to  be  48  deo^ 
I  min. — The  Diftance  of  the  Subftile  from  the  Meridian  1 3  deg.  42  min.--- 
And  the  Plain’s  Difference  of  Longitude  1 3  deg. 

The  Plain’s  difference  of  Longitude  being  known 
make  a  Table  of  the  Equinoctial  diftances  as  is  before 
taught  in  the  12th  and  13th  Chapters  of  the  Firft 
Tractate,  as  is  here  done  in  this  Table,  You  may  pro¬ 
ceed  to  the  defcription  of  tl;e  Dial  in  this  manner. 

Eit^ure  Eirft,Draw  a  right  Line  O  1 2  for  theMeridian  and 
Hour-line  of  1 2 ;  and  upon  O  with  the  Radius  of  your 
Scale  of  Chords  defcribe  a  Quadrant  of  a  Circle  and 
upon  it  from  12  to  P,fet  1 3  deg.42  min. the  Diftance 
of  the  Subftile  from  the  Meridian,and  draw  the  Line 
O  P  for  the  Stile. 

Secondly,  1  ake  43  deg.  i  min.  and  fet  them  from  P 
to  S,  and  draw  O  S  tor  the  Stile. 

Thirdly,  out  of  the  former  Table,  take  the  Refpe- 
£tive  Sines  of  82,57,42,27  and  1 2, and  fet  them  from 
O  to  the  feveral  Points  82,57, 4 2, 27  and  12  upon  the 
Subftile,  and  through  them  on  the  left  hand  Side  of 
O  P,  draw  Lines  Perpendicular  to  the  Subftile:  as  the  Lines  824,  57^,  42 
27  and  lie" - Alfo,  fetthe  Sine  of  3, 18,  33,  48,63  and  78  upon  the  Sub¬ 

ftile  OP,  and  thro*  them  draw  Lines  perpendicular  to  OP  towards  the 
Right-hand. 

Fourthly,  Take  in  your  Compaffes  the  leaft  diftance 

12  to 
27  to 
42  to 
'<^lto  9V 

.82  to  10. 

So  lhall  the  feveral  Points  5, 7, 8, 9,  i  o  and  f  conftitute  almoft  one  quarter  of  an 
Ellipfisy  and  Lines  drawn  from  O  thro’  every  of  them' fhall  be  the  true  Hour-lines  for 
the  Plain  on  the  Weft  Side  of  the  Subftile  :  For  thofe  on  the  Eaft  Side  they  muft  be 
found  by  taking  the  leaft  Diftances  from  the  Points  78, 63, 48,  33, 18;  and  3  to  tbs 
Subftile,  and  fetting  them  upon  their  contrary  parallel  Lines  j  fo  fliail  Lines  drawn 
from  O  thro’  each  of  them  be  the  Afternoon-Lines  on  the  Eaft  Side  of  the  Plain. 

The  End  of  the  Tloird  TRACT  AT  E. 
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to  the  Subfiile  S  O,^ 
and  fet  it  from 


-upon  the  Sine 


FURNITURE 

With  which 

SUN-DIALS 

4 

May  be  Beautified; 

AND 

How  to  Infcribe  (uch  Furniture  upon  all  Sorts  of 
Dial-Plains;  Several  ways. 


The  Fourth  TRACTATE. 


T  ROE  ME. 

AS  Lines  may  be  defcribed  upon  all  forts  of  FUinSy  which  by  the  fha- 
do\v^  of  a  Stile  or  Axis  will  fliew  upon  the  Dial-Plain  the  true  Hour 
of  the  Day So  alfo  upon  fuch  Plains  may  fuch  other  Lines  be  delcri- 
^  bed  that  have  relation  to  the  Sun^s  Courfi^  which  by  the  Shadow  of 
an  Apex  for  Point  In  th^it  Axis)  fhall  trace  out,  and  difcover  upon  the  Plain^ 

many  ufeful  and  necefiary  Aflronomical  Cdnclufions - As  to  fhew  the 

Time  of  the  Tear  - The  Rijtng  and  Setting  of  the  Sun  — —  The  Lemth  of 

the  Day  and  Night  — —  The  Az.imuth.fyt  Point  of  the  MarinePs  CompajT upon 
which  the  Sun  at  any  time  of  ^the  Day  is  — r-  The  Almicanthary  or  Circle  of 
the  Sun’s  Altitude ;  whereby  the  proportion  that  any  Objell  bears  to  its  Shadorv 

is  difcovered* - -The  Babylonlfh^  Italian  d.ndjemjh  (or  Unequal)  hours 

- - The  Sign  of  the  X^<^^^^^  in  the  Meridian^  with  thofe  Afcending  and  De- 

fcending - And  the  Circles  oiPofttiony  difcovering  in  which  of  the  Tmhe 

Celefiial  Houfes  the  Sun  at  any  time  of  the  Day  is,  &c. 


CHAP.  L 

Habitudes,  or  AfFeftions,  that  fuch  Great  and  Small  Cir¬ 
cles  of  the  Sphere ,  which  may  be  Proje&ed  upon  Dial*  Plains, 
have  to  all  fuch  Plains,  they  may  be  defcribed  upon. 

BEfore  I  proceed  to  fhew  the  manner  of  inferibing  thefe  Circles  of  the 
Sphere  upon  DiaL Plains^  let  me  gi\^  you  a  fhort  account  of  their*  Affe^ 
chons.,  which  I  Reduce  to  thefe  following  Heads. 

t  AH 
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I.  All  Great  Circles  ofjhe  Sphere,  (^fuch  are  all  Meridians  or  Hour-Circles, 
all  Azimuths  or  A^ertical  Circles,  all  Circles  of  Pofition,  being  Pro- 
jecled  ufon  any  Dial-Plains,  do  become  thereon  Straight  Lines,  And^ 

II.  (i.)  If  the  V\Fms  on  which  fuch  Great  Circles  are  Projelied,  do  lienor  Jlandy 
Parallel,  to  thofe  Great  Circles  in  the  Heavens^  then  arethoje  Straight  Line$ 
all  Parallel  one  to  the  other.  But^  (2.)  If  the  Plain  u^on  which  they  are  Pro- 
jelledy  lie.,  or  fland.,  Perpendicular  to  the  correjponding  Circles  in  the  HeavenSy 
then  the  freight  Lines  jo  projelled  on  the  Dial-Plain,  all  meet  in  a  Center 
at  Equal  Angles  ;  And.,  (^.)  If  the  Dial-Plain  upon  which  thefe  Great  Cir¬ 
cles  of  the  Sphere  be  Projelled  to  lie  at  Oblique  Angles  to  the  fame  correfpon- 
dent  Circles  in  the  Heavens,  then  /hall  all  the  Pro}e£Ied  Lines  reprefenting 
thofe  Circles  in  the  Heavens,  meet  in  one  Center  upon  the  Plain,  but,  at 
Unequal  Angles. 

III.  All  Smaller  Circles  of  the  Sphere,  {fuch  are  all  Parallels  of  the  Sun’s 
Courfe  or  Declination  ,  Almicanthars  or  Circles  of  Altitude)  being  Pro- 
jelled  upon  any  Dial-Plain,  become  Conick  Seflions,  viz.  either  Seftions  of 
Ellipfes,  Parabola’s  or  Hyperbola’s ;  Except,  thofe  fmallcr  Circles  be  pro- 
jecled  upon  fuch  Plains  ns  do  lie  parallel  to  thofe  fmalTcr  Circles  in  the  Hea¬ 
vens  :  And  therefore, 

■IV.  All  Parallels  of  the  Sun’s  Courfe,  or  Declination  ( which  are  fmaller  Circles ) 
drawn  upon  a  Plain,  which  lies  paralleDo  the  Equinoftial  in  Heavens, 
which  Equinoftial  is  that  Great  Circle  of  the  Sphere  to  which  thefe  fmaller 
Circles  of  the  Sun’s  Courfe  or  Declination  are  parallel ;  thofe  Parallels  uport 
fuch  a  Plain,  become  perfe£l  Circles.  And, 

V.  .All  Almicanthars  or  Parallels  ^Altitude,  defer  ibed  upon  a  Plain,  lying 
parallel  to  the  Horiz>on,  to  which  Great  Circle  all  Almicanthars  ^r^.parallel, 
thofe  Circles  of  Altitude  being  defcrihed  upon  fuch  a  Plain,  /hall  aljo  become 
perfect  Circles,  by  the  fame  reafon  as  the  laH  beforegoing  :  For,  the  Almi¬ 
canthars  have  the  fame  Affellion  or  Habitude  to  the  Horizon,  as  the  Parallels 
of  Declination  have  to  the  Equinoftial. 

VI.  All  Dial-Plains  in  any  Latitude,  and  howfoever  fituate  in  that  Latitude, 
whether  they  be  DircQ,  Declining,  Reclining,  Inclining,  or  do  both  Decline 

•  Recline;  are  in  fome  one  part  of  the  World  or  other.  Horizontal  Plains, 
And  look  what  Altitude  or  Elevation  the  Stile  of  any  fuch  Oblique  Dial  hath 
in  Latitude,  in  that  Latitude  will  that  Plain  be  an  Horizontal  Plain,  but 
under  another  Meridian. 

VII.  When  the  Hour-Lines  proper  to  any  Dial-Plain  be  drawn  thereupon  with 
their  Halves  and  Quarters.  If  upon  the  fame  Plaia  ( afterwards)  you  draw  an 
Horizontal  Dial  ( in  occult  or  obfeure  Lines )  proper  to  that  Latitude  in  which 
the  Plain  will  be  Horizontal,  a^d  find  upon  thofe  Occult  Horizontal  Hour- 
Lines,  points  through  with  fuch  Hours,  Azimuths,  Parallels  ofjhe  Sun’s 
Courfe  or  Declination,  Almicanthars,  &^c.  /hall pa/s,  and  draw  the  Se£lion 
{whatever  it  happens  to  bej  through  thofe  points,  and  afterwards  expunge  the 
Horizontal  Hour-Lines,  the  Parallels,  fo  drawn,  /ball be  the  /^r^^  Parallels  of 
the  Sun’s  Courfe  upon  the  other  Plain,  whether  it  Diie£l:,  Declining,  Re¬ 
clining,  or  both. 

VIII.  The  whole  Stile  or  Axis  of  the  Dial  which  /hews  the  common  Hour 
of  the  Day,  doth  not  /hew  the  Parallels  of  the  Sun’s  Courfe,  &c,  but  the 
Shadow  of  fome  one  Point  in  that  Stile  or  Axis  ;  the  Shadow  whereof, 
as  it  creepeth  along  thofe  Lines  or  Serious,  will  /hew  you  what  the  Time, 
or  Quantity  is. 


Of  SU N-DIJLS. 


Having  premifed  thefe  few  Affe^tons ;  I  fhall  fhew  you  firft  GeometrivaUy^ 
and  then  Arithmetically  Injlrumentally^  or  by  Tables  ready  calculated, how 
to  dndPohts  upon  any  Plam,  through  which  fuch  Lmes,  Circles^  or  Conick 
Sections  are  to  pafs ;  and  the  Points  being  found, I  fhall  difcover  unto  you  whe¬ 
ther  they  be  Strei^  ht  Lines ^  Arches  of  Circles^  or  other  Sections  Ellipticals  Pa¬ 
rabolical  or  Hyperbolical,  " 

Now  (becaufe  the  Sun  in  his  Courfe  moveth  Continually  between  the  two 
Tropicksy  and  never  exceedeth  thofe  Limits j  all  Aftronomical  Conclufions 
that  are  drawn  or  defcribed  upon  any  Dial- Plain,  limited  between  thefe 
two  Tropical  Circles,  or  (at  Icalt,)  between  the  Equinoblial  and  one  ©f  them, 
or  the  Horizon :  And  therefore  it  will  be  requifite  to  {hew,  firft  how  thefe 
Circles  (namely  the  EquinoBial,  and  the  two  Tropicks')  and  the  Horizon  may 
be  defcribed  upon  all  forts  of  Plains,  they  being  the  Bounds  and  Confines  of 
all  other  Circles  whether'of  the  Sun’s  entrance  into  the  12  Signs ;  or  Diurnal 
Arches:  or  of  any  other  intermediate  Parallels  of  the  Sun*s  Declination :  And 
to  fhew  how  they  may  be  infcribed  upon  all  Plains,  fhall  be  the  work  of  this 
following  Chapter. 


*  C  H  A  P.  IL 

How  to  defcribe  the  Equinoftial,  the  Tropicks,  and  other  Cir-  , 
'  cles  or  Parallels  of  Declination,  together  with  the  Horizon,  up- 
on  all  forts  o/Plains; 

^  I  ^Hefe  Circles  (as  I  have  faid  already)  become  various  Sections  accord^ 

,  jL  ing  as  the  Plains  upon  which  they  arc  projefled  are  fituate  in  refpeQ: 

to  thofe  Circles  in  the  Heavens :  And  therefore  I  will  begin  to  fhew 
their  Infcriptjon  upon  fuch  Plains, 

Firft,  As  lie  Perpendicular 
Secondly,  As  lie  Parallel 
Thirdly,  As  lie  Oblic^uely 

SECT.  I.  Vpon  fuch  Plains  as  are  Perpendicular  to  the  Axis 
.  of  the  World :  As^  upon  the  Direct  Polar  Plain. 

A  Polar  Plain  is  fuch  a  Plain  as  cuttetli  the  Axis'  of  the  World  at  right 
Angles,  as  is  dcicribed  in  the  16  Chapter  of  the  Firft  Tractate,  And  is 
no  other  than  a  Circle  divided  into  24  equal  parts :  And  this  Plain  cutting  the 
Axis  of  the  World  at  right  Angles  is  perpendicular  thereunto,  and  therefore 
muft  needs  lie  in  ( or  parallel  to)  the  very  Plain  of  the  Epuinobtial  Circle  in  the 
Heavens:  And  therefore  the  EquinoBial  it  felf,  andall  other  Parallels  of  De¬ 
clination  being  deferibed^pon  this  Plain,  will  be  perfe£l  Circles :  The  Stile  of 
this  Dial  ( as  in  the  making  of  it  is  fhewed)  may  be  a  {freight  Pin  or  Wyre 
perpendicularly  ered ed  upon  the  Plain,  and  ilTuing  from  the  Center,  where 
all  die  Hour-lines  meet  with  equal  Angles :  The  length  of  this  Sttle  or  M^yre 
is  arbitrary,  in  refpe6l  of  the  Hour-lines :  but  the  Apex  or  Top  thereof,  which 
muft  give  fhadow  to  the  Parallels  of  Declination  ( or  other  Afironomical  Circles 

G  g  defcribed 


‘to  the  Axis  of  the  World, 
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deicribed  upon  this  Plain ;  will  require  aProportionable  limitation  between  the 
length  of  the  Stile^  and  the  largenefs  of  the  Plain :  and  therefore  I  will  Ihew , 

I.  How  to  ^roi^ortion  the  Stile  to  Plain. 

Upon  this  Plain^  the  Equinoctial  Circle  it  felf  cannot  be  deferibed,  which  is 
evident,  for  the  Sun  being  in  this  Circle,  it  will  call:  the  Shadow  of  the 
fex  of  the  Stile  (be  it  made  never  fo  fhortj  to  an  infinite  extenfion,  and  for 
fome  few  days  before  and  after  the  two  Equinoxes^  the  EUrnitnre  inferi- 
bed  upon  thefe  Dials  will  be  of  little  ufe ;  And  the  Reclining  or  upper  fare 
of  this  Dial  the  Sun  will  fhinc  upon  from  the  Tenth  of  March  to  the  T  welfth 
of  September^  and  from  thence  to  the  Tenth  of  March  again,  the  Inclining  or 
under  face  thereof  will  be  wholly  in  ufe.  . 

Confider  therefore  what  Parallels  of  Declination  you  intend  to  deferibe 
upon  your  Plain  ;  And  let  the  outermoft  V erge  or  Circle  of  your  Plain  repre- 
fent  that  Parallel  which  hath  leaft  Declination  from  the  Equinoctial  Circle. 

Figure  In  t\\\s  Example^  I- have  made  choice  (for  a  Reafon  which  will  hereafter  ap- 
I.  pear)  of  thefe  Parallels,  uiz.,  of  n  deg.  37  min.  of  16  deg.  5  5  min.  of  21  deg. 
40  min.  and  of  2^  deg.  31  min.  which  is  the  Declination  that  the  Sun  hath 
when  he  is  in  either  Tropick, 

Let  E  S  W  N  reprefent  a  Polar  Plain,  crofs  it  with  the  two  Diameters 
S  N  for  the  Meridian,  and  Hour-line  of  XII,  and  E  W  for  the  Hour-line  of 
VI,  crolTing  each  other  at  right  Angles  in  A.  So  is  A  the  Center  the 
Dial,  and  the  outer  Circle  thereof  the  Parallel  of  the  Sun  sColirfe  when  he 
hath  1 1  deg.  3  7  min.  of  Declination, 

Now  to  Proportion  the  Stile  to  the  Plain,  upon  a  piece  of  fine  Pall-board 
or  other  like  matter, draw  a  Line  at  length  as  B  Q,  and  out  of  your  Dial-Plain 
take  thedillance  from  AtoN,  and  fetit  upon  this  Line  from  C  toD,  and 

!  through  D,  draw  the  Line  E  D  perpendicular  to  B  C  - - -  Then  uponC, 

with  60  deg.’of  a  Scale  of  Chords  deferibe  an  obfeure  Arch  of  a  Circle G  H, 

.  and  out  of  your  Scale  take  1 1  deg.  37  min.  (the  Declination  of  the  remote!! 
Circle  E  S  W  N  from  the  Center)  and  let  them  from  H  to  a,  and  draw  the 

Line  C  a  K,  fo  fliall  K  D  be  the  length  of  the  Perpendicular  Stile :  - - ^Thc 

Stile  being  thus  proportioned  to  the  Plain,  the  next  thing  necefiary  will  be, 

II.  To  draw  the  Horizontal  Line  fro^er  to  thbs  Vhin,  ' 

« 

Many  Horizontal  Lines  may  be  drawn  upon  any  Plain,  but  the  Horizontal 
Line  Proper  to  this  Plain,  mull  be  drawn  upon  tlip  Plain,  fo,  as  to  lie  in  the 
fame  Plain  with  th^Apex  o\:  Top  of  the  Perpendicular  Stile,  and  to  find  the 
Point  upon  the  Meridian  S  N ,  through  which  this  Line  mull  pafs ,  do 
thus : 

Upon  the  Point  K,  deferibe  an  obfeure  Arch  of  a  Circle,  and  upon  it  fet  5 1 
deg.  52  min.  the  Latitude  of  the  Place  from  D  toL,  and  draw  the  Line  K  L, 
cutting  the  Line  B  C  in  M ;  So  the  diftance  D  M  taken  in  tlic  Compall'es,  and 
fet  upon  the  Dial-Plain  upon  the  Meridian  from  the  Center  A  upwards  to  S 
in  the  Reclining  Plain,(h\xi  downwards  in  the  Inclining^  Plain)  fo  a  Line  drawn 
through  S,  parallel  to  E  W,as  P  S  Q,  it  fliall  betfie  Horizontal  Line  proper  for 
this  Plain  :  and  beyond  this  Line  the  Tropicks  nor  Parallels  of  Decimation,  or 
any  other  Furniture  need  to  be  extended.  And  now, 


III.  To 
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III.  To  draw  the  Tropick  of  Cancer,  and  the  other  Parallels  of 

Declination  u^on  the  Plain. 

The  other  Parallels  of  Declination  being  i6  deg.  55  min. - ^21  deg. 

40  min. - 23  deg.  3 1.  min.  Set  them  upon  the  Arch  G  H  of  the  Tricon 

from  W  to b^  c  and  d\  and  draw  the  Lines  C  C  c,  Cd. 

This  done,  through  tlie  Point  K,  draw  the  Line  K  R  Parallel  to  D  C,  and 
where  that  Line  crotfeth  the  Lines  of  thoTr/go^  drawn  from  C  (as  it  doth 
at  the  Points  K,  e^f  and^)  through  thofe  Points  Lines  being  drawn  Parallel 
to  K  D,  as  ?  1 5,/  16,^  S5  fhall  give  C  D>  for  the  Semidiameter  of  the  Circle 

P  N  Q.  upon  the  Plain - The  diftance  C  1 5,  lliall  be  the  Semidiameter 

of  the  Circle  15.  15.  15  - - -The  diftance  C  16,  fhall  be  the  Semidia¬ 
meter  of  the  Circle  16.  16.  16 - And  the  diftance  C  s-,  fhall  be  the 

Semidiameter  of  the  Tropick  of  s*  sb.  - - With  which  Semidiameters  if 

Circles  be  defcribed  upon  the  Center  A,  of  tho  Dial-Plain^  they  fhall  be  the 
true  Circles  for  the  Suns  Courfe  w'hen  he  hath  fuch  Declinations  as  are  in¬ 
ferred  into  the  Tricon, - And  in  the  fame  manner  may  you  infert  wdiat 

Parallel oi'  Decimation  you  pleafe  ;  Whether  ol  the  Sun'b  Entrance  into  any 

Sign  of  the  Zodiack- - Any  Anniverfary  or  Fejli^al  Day  ^  or  what  other 

P.emarkableTime  ov  Day  you  pleale,  only  having  regard  to  what  Declination 
the  Sun  hath  at  that  time. 

'A^ote^  That  a  Dial  thus  made,  being  elevated  to  the  Complement  of  any 
Latitude^  and  moved  above  upon  a  Semicircle  a  Declinatory^  till  the 
Shadow  of  the  Apex  oi  the  Stile  do  cut  the  Parallel  of  Declination  for 
the  Day,  you  fliall,  at  one  view,  have  the  Hour  of  the- Day ,  a  Meri¬ 
dian  Line ,  and  the  Declination  of  a  Plain  •  without  taking  the  Sun’s 
Altitude ,  or  finding  his  Azimuth, 
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SECT.  II.  T)^on  fach  Plains  cts  are  Parallel  to  the  Axis  of  the 
World;  As  upon  Weft  Polar  Plains. 

IT  Ow  to  make  an  East  or  WeH  Dial  you  are  taught  before,  therefore  let  Figure 
the  Square  A  B  C  D  be  a  Plain,  on  which  there  is  an  Eafi:  Dial  drawn,  jj 

the  height  of  the  Stile  being  equal- to  the  diftance  between  the  hours  of  9  and 
6,  noted  there  with  the  Letters  E  G,  and  let  it  be  required  to  di  aw  upon  the 
fame  Plain  the  Equinoctial  and  the  two  Tropicks.  Now  the  Equinoltial  being 
2.  Great  Circle  of  the<S''^^^r^,  it  is. therefore  a  Str eight  Line^  and  is  reprefented 
in  the  Dial  by  the  Line  H  S.  The  Hour-lines  and  the  Equinoctial  being  thus 
drawn,  we  may  proceed  to  the  reft  of  the  Work  in  manner  following. 

But  iirft,  it  will  beneceffary  to  draw  the  Horizontal  Line  proper  for  the 
Plain  :  which  is  done  in  this  manner ;  for  in  all  Upright  Plains,  whether  Di- 
reU  or  Declining,  this  is  for  cirawing  the  Horizontal  Line, 

0 

A  General  Rule, 

/ 

In  all  Upright  Plains,  the  Horizontal  Line  muft  be  drawn  through  the 
Foot  of  the  Perpendicular  Stile  ,  and  alfo  through  the.  interfe6fion  of 
.  .  the  Equinoctial  Circle  with  the  Hour-line  of  Six  :  In  thefe  East  or 
Welt  Dials  thefe  two  Points  are  co-incident,  and  is  here  the-  Point  E, 
wherefore  through  the  Point  E,  draw  the  Line  MEN  parallel  to  the 

Horizon, 
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Horizon^  or  making  the  Angle  MEG  equal  to  the  latitude  of  the 
Place  51  deg.  52  min.  the  Line  M  E  N  fo  drawn  fliali  be  the  proper^ 
Horizontal  Line  for  this  Plain, 

The  Equinoclial  Circle  E  S  and  the  Horizontal  Line  MEN,  being  drawn 
upon  your  Plain  ;  proceed  as  followeth. 

Figure  Upon  a  piece  of  fine  Pall-board,  or  other  convenient  matter,  draw  a  Line 
III.  as  O  R,  and  upon  O,  as  a  Center,  defcribe  the  Arch  of  a  Circle  R  S,  and  be- 
caufe  the  Declination  of  theTropick  of  Cancer  or  Capricorn  is  23  deg.  3 1  min. 
diftant  from  the  Equinoclial, on  either  Side  thereof,  therefore  on  the  Arch  R  S 
fet  2^  deg.  ^  I  min.  from  R  to  S,  and  draw  the  Line  O  S,  then  fhall  the  Line 
O  R  reprefent  the  Equinoclial^  and  the  other  Line  O  S  either  of  the  Tropicks^ 
and  this  Triangular  Figure  OR  S,  we  fliall  hereafter  call  the  Trigon. 

Having  fitted  your  Trigon,  you  mull  have  recourfe  to  your  D/4/,  and  from 
thence  with  your  Compalfes  you  mull  firft  take  out  the  dillance  E  G  (equal 
to  the  height  of  the  Stile  of  the  fame  Dial)  and  prick  it  down  in  the  Trigon 
from  O  to  P,  and  draw  the  Line  P  6  perpendicular  to  0  R. 

Secondly,  Going  to  your  Plain  again, take  the  dillance  from  G  (the  Top  of 
the  Stile)  to  7  the  EquinoBial  of  your  Plain ;  and  place  that  dillance  in  the 
Trigon  from  O  to  7,  and  draw  the  Line  q  7,  perpendicular  to  O  R.  Thirdly, 
take  out  of  your  Plain  the  dillance  G  8,  and  prick  it  down  in  your  Trigon  from 
O  to  r,  and  draw  the  Line  r  8,  perpendicular  to  O  R.  Fourthly,  take  out  of 
your  I^ain  the  dillance  G  9, and  prick  it  down  in  your  Trigon  from  O  to  .r,  and 
draw  s  9  perpendicular  to  O  R.  Fifthly,  take  out  of  your  Plain  the  dillance 
G  10  ;  and  prick  it  down  in  your  Trigon  from  O  to  /•,  and  draw  /  id  perpen¬ 
dicular  to  O  R.  Laflly,  take  the  dillance  G  1 1,  and  prick  it  down  in  your 
Trigon  from  O  to  and  draw  v  11  perpendicular  to  O  R,  as  is  done  in 
Figure  III. 

Thefe  dillances  being,  all  of  them,  taken  out  of  your  PUin^  and  placed  on 
your  Trigon^  it  rellethnow  to  fliew  you  how  they  mull-  be  again  transferred 
from  the  Trigon  to  the  Plain.  Therefore,  to  find  upon  the  Hour-lines  of  your 
Dial,  the  Points  through  which  the  Tropickoi  Cancer  mull  pafs,youhaveno 
more  to  do  but  thus.  Firll,  out  of  your  Trigon^  take  the  dillance  P  6,  and  fet 
that  fame  dillance  upon  your  Plain  from  E  to/,  upon  the  Hour-line  of  Six. 
Secondly,  take  out  of  your  Trigon  the  dillance  q  7,  and  place  that  dillance  up¬ 
on  the  Plain  from  V  to  and  from  VII  to  d:  upon  the  Hour-lines  of  5  and  7. 
Thirdly  ,take  out  of  your  Trigon  the  dillance  r  8,  and  fet  that  dillance  on  your 
Plain  from  IV  to  4, and  from  VII  to  e  upon  the  Hour-lines  of  4  and  *8.  Fourthly, 
take  out  of  your  Trigon  the  dillance  s  9,  and  fee  it  on  y  our  Plain  from  IX  to/. 
Fifthly,  take  from  your  Trigon  the  dillance  t  i  o,  and  fet  it  on  your  Plain  from 
X  to^.  Lallly,  take  out  of  your  Trigon  the  dillance  'v  ij,  and  fet  it  on 
your  Plain  from  XI  to  h. 

Thefe  Points  a  b  c  def gh^  being  found  upon  the  feveral  and  refpeiElive 
Hour-lines,  fhall  be  the  Points  through  which  the  Tropick  of  Cancer  pafs, 

therefore  draw  the  Line  abed  efg  h,  with  an  even  hand  that  it  make  no  An¬ 
gles  and  that  fhall  be  the  Tropick  ot  Cancer ;  fo  that  when  the  Sun  is  in  Cancer^ 
(which  is  about  the  1 1  of  ^june)  the  Apex  or  Top  of  the  Shadow  of  the  Stile 
of  your  Dial  will  run  directly  along  that  Line  a  b  c  d  e  f  g  and  when  the 
Sun  is  in  the  Equinofiial^  that  is,  in  the  beginning  of  Aries  or  Librr^  (which 
is  on  the  10  of  March ^  or  the  12  of  September)  the  Top  of  the  Shadow  of  the 
Stile  will  run  along  the  Equinofiial  Line  E  S. 
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The  Tropick  of  Cancer  being  drawn, I  will  now  fhew  you  how'  to  draw  the 
Tropick  of  Ciipricorn.^  which  differeth  nothing  from  that  of  dancer^  becaufe 
they  have  both  of  them  like  Declination  from  the  Equinoclial.^  therefore  the 
diftance  VIII  k  being  made  equal  to  the  diftance  VIH  and  the  diftance  IX  / 
equal  to  IX/ ;  and  the  diftance  X  m  equal  to  X^,  you  fhall  have  the  Points 
k  Im  and  n  upon  the  hours  of  8, 9,  i o  and  1 1 ,  through  which  Points  k  lmn 
draw  the  Line  klmn.^  &c.  which  Line  fhall  reprefent  the  Tropick  o^Capricorn^ 
along  which  Line  the  Top  of  the  Shadow  of  the  Stile fhall  run  about  the  1 1  th 
of  December.,  when  the  Sun  is  in  Capricorn, 

Having  thus  plainly  fliewn  you  how  to  infert  the  EquinoBial  and  Tropicks 
into  your  Plain,  I  will  now  give  you  one  Rule  by  which  you  may  put  on  any 
other  intermediate  Parallels  of  the  Sunf  Courfe,  differing  nothing  at  all  from 
the  direclions  formerly  given  you  to  infert  the  Tropicks, 

Confider  therefore  what  Parallels  you  would  put  on  your  Plain^  and  find 
what  Declination  the  Sun  hath  when  he  is  in  fuch  a  Parallel,  and  accordingly 
infert  thofe  degrees  of  Declination  into  your  Trigon,  as  before  you  did  the 
Tropicks,  > 

Example,  Let  it  be  required  to  put  upon  your  Plain,  the  Parallels  oFxhQ  - 
Sun’s  Courfe  at  his  Entrance  into  the  1 2  Signs  of  the  Z^diack  :  You  muft,firft, 
find  what  Declination  the  Sun  hath  when  he  enters  any  of  thofe  Signs, which 
this  little  Table  doth  plainly  fhew  :  For  at  the  Sun’s  Entrance  into  Jries  or 
Libra,  it  hath  no  degrees  of  Declination.  And  when  he  enters  into  Cancer  or 
Capricorn  he  hath  23  deg.  3 1  min.  of  Declination ;  And  when  he  enters  into 
Taurus,  Virgo,  Scorpio,  or  Pifees,  his  Declination  is  1 1  deg.  qo  min.  and  when 
he  is  in  the  beginning  of  Gemini,  Leo,  Sagittarius  or  Aquarius,  his  Declination 
is  2,0  deg.  1 2  min. 


/ 


A  Table  fhewing  what  Declination  the  Sun  hath  at  his 
Entrance  into  the  Twelve  Signs. 


D 

M 

■ 

Aries 

00 

00 

Libra 

Taurus 

Virgo 

1 1 

Scorpio  Pifees 

Gemini 

Leo 

20 

12 

Sagittarius  Aquarius 

Cancer 

23 

Capricorn 

Therefore  take  ii  deg.  50  min.  in  your  Compaffes,  and  place  it  in  your 
Trigon  from  R  unto  V,  and  draw  the  Line  O  V,  which  fhall  reprefent  the 
Parallel  Taurus,  Virgo,  Scorpio  and  Pifees.  Alfo  take  20  deg.  12  min.  in 
your  Compaffes  and  place  it  in  your  Trigon  from  R  unto  X,  and  draw 
O  X,  which  fliall  reprefent  the  parallel  of  Gemini,  Leo ,  Sagittarius  and 
Aquarius\ 

Thefe  Parallels  being  placed  in  your  Trigon  according  to  their  true  De¬ 
clination  from  the  E^quinoBial,  they  are  to  be  transferred  into  y  our  Dial-Plain 
in  all  refpefts  as  the  Tropicks  were,  by  taking  out  of  your  Trigon  the  diftances 
from  the  Line  O  R,  to  the  feveral  Points  where  the  hours  crofs  the  Parallel, 
and  place  the  fame  diftances  upon  your  Plain  from  the  Equinoclial  upon  the 
refpe^five  Hour-lines,  from  which  they  were  taken  out  of  the  Trigon,  and 
through  thefe  Points  draw  with  an  even  band  the  Lines  on  your  Plain,  which 

H  h  fliall 
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fhall  be  the  true  Parallels  of  the  Sun’s  Couife  at  his  Entrance  into  all  the  1 2 
Signs  of  the  Zodiack,  to  which  you  may  fet  the  Charaders  of  the  Signs,  as 
you  fee  done  in  Figure  11.  *  .  ' 

^  And  here  note,  That  if  you  draw  upon  your  Plain  the  halves  and  quar¬ 
ters  of  hours,  and  put  them  into  your  Trigo/t  and  transfer  them  to  your 
Plain  again,  you  fhall  then  have  more  points,  through  which  your  Pa-  • 
rallels  muft  pafs,  which  will  much  help  you  in  the  drawing  thereof, 
(efpecially  in  large  Plains)-  for  there  is  no  better  way  1^0  draw  thefe  kind 
of  lines,  but  by  finding  a  great  number  of  points,  and  fo  draw  them 
with  an  even  hand,  fo  that  they  make  no  Angles.  - 
^  Note  alfo,  That  whatfoever  is  here  fpoken  of  the  Easl  and  Dials, 
the  fame  in  all  refpeds  is  to  be  obferved  in  patting  on  the  Parallels  of 
the  Sun’s  Courfe  in  all  Plains  that  lie  parallel  to  the  Jtrls  of  the  W  orld, 
as  all  Equinoflial  Plains  whether  Direct  om  Declining^  do  :  An  Example 
Figure  of  fuch  a  Plain  you  have  in  Figure  IV. 

IV. 

In  all  thefe  Plains,  I  mean  Fali^  Wesi^  and  Equinoctial^  tlie  Stile  were  beft 
to  be  made  of  a  ftreight  piece  of  Wyer,  equal  in  length  to  the  Line  E  G,  fixed 
in  the  Point  E,  flanding. perpendicular  unto  the  Plain,  the  end  thereof  at  G 
being  filed  very  fine  and  fliarp, proportionable  to  the  greatnefs  of  the  Plain/or 
all  thefe  JJlronomical  Conclufions  are  fhewed  (nor  by  tlie  fhadow  of  the  whole 
length  of  the  Stile,  but)  by  the  very  Jfex  or  Top  thereof,  and  therefore  the 
more  care  ought  to  be  had  in  the  forming  and  making  of  it. 

Figure  ^  The  Line  M  E  N  in  the  EaH  Dial  is  called  the  Horizontal  Line^  becaufe 

II.  it  lieth  parallel  to  the  Horizon^  and  by  the  meeting  of  the  Parallels  of 

the  Surfs  Courfe  with  this  Line,  the  Rifingof  the  Sun  may  be  nearly 

effimated  ;  for  there  you  fee  that  the  Tropick  of  Cancer  cutteth  this  Line 

near  the  Point  M,  which  is  a  little  before  the  four-a-clock  Hour-line, 

which  fheweth,  that  when  the  Sun  is  in  the  I'ropick  of  Cancer yht  rileth 

fomewhat  before  four  in  the  Morning,  in  like  manner  the  Tropick  of 

Capricorn  cutteth  the  Horizontal  Line  fomething  after  8,  at  which  time 

the  Sun  rifeth  being  in  Capricorn,  but  this  by  the  way  ;  the  farther  ufe 

of  this  Line  fhall  be  fhewed  hereafter.  1 

✓ 

I  have  been  the  larger  in  the  work  of  this  Se^ion ,  becaufe  I  intend  to 
be  more  brief'in  thofe  which  follow,  and  this  being  well  and  truly  under-  : 
Rood,  thofe  which  follow  will  need  very  few  Precepts  or  Examples ;  Ha-  • 
ving  thus  Hnifhed  the  EaH  or  IVeH  Plains,  I  will  now  fhew  you  how  to  j 
do  the  like  in  the  Vertical  or  Horizontal  Plains ;  As  alfo  in  South  or  North  j 

Plains,  that  do  not  decline;  which  are  the  next  in  order:  Buthrlf  Ifhall  i 

give  you  the  Sight  of  an  Equinoclial  Plain  witli  its  Furniture  in  Figure  IV.  .  ' 

SECT.  III.  upon  fuch  Plains  ns  cut  the  Axis  of  the  World  at  j 
Oblique  Angles  ;  As  upon  the  Vertical  or  Horizontal,  the  j 

North  and  South  EreB  Direct ,  and  the  North  and  South  | 

Reclining.  '  ' 

IN  all  thefe  Plains  the  SubJUlar  and  the  Meridian  are  all  one ,  and  the  ' 

height  of  the  Stile,  in  the  Vertical  or  Horizontal  Dial  is  always  equal  i 

to  the  Latitude  of  the  place ,  and  ycu  are  to  take  notice ,  that  whatfo-  ^ 

,  ‘  ever 

;i 


1 
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ever  is  faid  of  the  full  North  and  South  Upright  Plains,  the  fame 'is  to  be 
underwood  of  the  Vertical  qm  Horizontal  FUin  ^  the  full  North  and  South 
Reclining  or  Inclining  Plains,  s.]]  which  m  thok  Latitudes ,  whofe  Comple¬ 
ment  is  equal  to  the  height  of  the  Stile,  they  are  Erell  Dir  ell  North  or  South 
Plains,  and  in  thole  Latitudes  which  are  equal  to  the  height  of  the  above 
fuch  'Keclining'PUins ,  they  are  Horizontal  Plains,  One  Example  therefore 
in  one  Plain  will  be  fuliicicnt  for4;he  reft.  Therefore,  in  Latitude 51  deg. 

3  2  min.  Let  it  be  required  to  defcribe  the  Equino8:iaI,  and  the  two  Tropicks 
in  a  full  South  ere8;  Plain. 

Having  drawn  your  Dial  with  the  hours,  halves  and  (quarters,  as  alfo  the  Figure 
Line  C  Q  for  the  Stile,  you  muft  ajGTume  fome  point  in  the  Meridian  or  Sub-  V. 
ftilar  Line  through  which  to  d-raw  ihc-EquinoBial  Circle,  which  is  a  ftreight 
Line,  and  through  what  point  Ibever  you  draw  it,  it  muft  be  Parallelto  the 
Hour-line  of  67je,  and  confequently  perpendicular  to  Twelve  :  but  let  it  be 
fuch  a  point  as  the  Equinoctial  Line  (with  thefe  conditions)  may  crofs  moft 
of  the  Hou, -lines, - Let  the  point  alTumed  be  a,  upon  which  point  de¬ 

fcribe  an  Arch  of  a  Circle,  and  make  an  Angle  equal  to  the  Latitude  of  the 
place,  viz.  5 1  deg.  ^  2  min.  as  the  Angle  L  ^  S,  drawing  the  Line  a  S,  till  it 
cut  the  Line  of  the  Stile  CQ^inS,  lb  fliall  the  point  S  be  the  point  in  the 
Stile;  for  the  Nodus  or ICjtot  which  muft  give  theb’/;^^(Wtothe  Tropicks  and 
other  Parallels  of  Declination.  For  all  thefe  Jftronomical  Conclufons  are  not 
fhewed  by  the  Shadow  of  the  whole  length  of  the  Stile  or  Axis,  as  the  hour 
is,  but  by  lome  point  therein  wh.ich  reprefenteth  the  Center  of  the  Earth, 
which  in  the  Dial  following  is  the  point  S,  and  the  Triangular  Stile  in  that 
Dial  is  reprefented  by  the  Triangle  C  S  L,  whereof  G  L  is  called  the  Subjlilar, 

CS  the  Axis  ol  the  Stile,  and  S  L  the  Perpendicular  Stile,  the  7  of  which, 
viz,  S,  is  the  point  we  are  in  this  place  to  refpect,  and  thus  is  your  Stile  pro¬ 
portioned  to  your  Plain. 

The  Dial  being  drawn,  and  the  Triangle  C  S  L  made  equal  to  the  Cock  of  Figure 
the  Dial,  you  muft  upon  a  piece  of  paftboard  draw  the  Triangle  OPR  equal  ' 
to  the  Stile  in  your  Dial  C  S  L,  making  R  O  equal  to  C 1.  the  Subftilar,  P  O 
equal  to  C  S  the  Axis  of  the  Stile,  and  P  R  equal  to  S  L  the  length  of  the  per¬ 
pendicular  Stile. 

Then  from  the  point  P,  l  aife  a  perpendicular  as  P  B ,  reprefenting  the 
EquinoSlial,  and  on  P  as  a  Center,  defcribe  the  Arch  A  B  C,  now  becaufe  the 
Tropicks  of  Cancer  and  Capricorn  do  decline  23  deg.  3 1  min.  from  the  EquL 
noBial,  therefore  take  23  deg.  3 1  min.  from  your  Scale  of  Chords,  and  fet  it  off 
upon  the  Arch  ABC  from  B  to  A,  and  from  B  to  C,  and  draw  the  Lines  P  A 
and  P  C  reprefenting  the  two  T ropicks  of  Cancer  and  Capricorn,  This  done, 
extend  the  Line  of  tlie  Subftilar  R  O  (which  in  North  or  South  ereCl  direCf 
Plains,  and  alfo  in  the  V ertical  or  Horizontal  Plain  I  told  you,  w^as  always  the 
fame  with  the  Twelve-a-clock  Line)  from  O  to  1 2,  cutting  the  EquinoBial 
Line  P  B  in  the  point  a,  then  with  your  Compaffes  take  the  diftance  O  a  out 
of  the  Trigon,  ai^  place  if  in  your  Plain  from  the  Center  C  unto  a,  and  draw 
the  Line  T  a  perpendicular  to  the  Subftile  or  Line  of  12 ;  which  Equi- 
noffial  being  drawn :  Firft,  take  out  of  your  Plain  the  diftance  C  ^,and  place 
that  diftance  in  your  from  O  unto  and  draw  the  Line  i ;  repre¬ 

fenting  the' hour  of  i  or  1 1  in  your  Dial :  Secondly,  take  out  of  your  Plain 
the  diftance  C  c,  and  place  that  in  your  Trigon  from  O  unto  c,  and  draw  the 
Line  Of  2,  reprefenting  the  Hour-lines  of  2  or  10.  Thirdly,  take  out  of  your 
Plain  the  diftance  C  d,  and  place  it  in  your  Trigon  from  O  unto  d,  and  draw 
the  Line  Od^,  for  the  hours  of  9  and  3 .  Fourthly,  from  your  Plain  take  the 

diftance 
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diftanceC  which  fet  in  your  Trigon  from  O  unto  e,  and  draw  the  Line  Oe^ 
reprefenting  the  hours  of  4  and  8.  And  thus  muft  you  do  with  the  reft  of 
the  hours  in  your  Plain  if  occafion  require.  _ 

Thefe  Lines  Oa,  Oh.Oc^Od,  and  O  in  yoit!*  Trigort^  being  extended, do 
cut  the  Tropick  of  Cancer  P  A  in  the  points  1 2,  i,  2,  and  and  the  Line  P  C 
reprefenting  the  Tropick  of  Capricorn  in  the  point,  1 2, 1 1, 10,  9  and  8  ;  tliere- 
fore  out  of  your  Trigon  take  the  diftances  O  1 2,  O  i,  O  2,  O  O  4,  and  fee 
them  upon  their  correfpondent  Hour-lines  of  your  Plain,  from  the  Center  C 
unto  ^  A  t  k  and  /,  fo  lhall  the  points^  h  i  k  and  /  be  the  points  upon  the  Hour¬ 
lines,  through  which  the  Tropick  oi  Cancer  muft  pafs,  and  is  therefore  noted 
with  the  Charafter  of  Cancer  2o  at^both  ends. 

%  Now  before  you  draw  the  T  ropick  of  Capricorn^  it  is  neceftary  to  draw 
the  PlorizOntal  Line  of  )nour  Plain  A  B,  which  Line  in  all  Upright  Plains,  not 
declining,  muft  be  drawn  through  the  point  L,  the  foot  ofthe  Perpendicular 
Stile,  and  perpendicular  to  the  Meridian  or  Line  of  1 2  :  And  in  all  Plains 
whatfoever,  this  Line  muft  be  drawn  through  the  Interfeclion  of  the  Equi- 
noclial  with  the  hour  of  Six.  This  Line  ought  firft  to  be  drawn,  becaufe  it  is 
very  improper  to  extend  the  Tropicksov  other  Parallels  of  Declin/ition^  above 
the  Horizontal  Line^  becaufe  at  what  hour  any  Parallel  of  Declination  cutteth 
this  Line,  on  cither  fide  ofthe  Meridian^  at  that  time  doth  the  Sun  Rife  of 
Set^  as  was  inftanced  in  the  laft. 

Now  the  Tropick  of  Capric-orn  muft  be  put  upon  your  Plain  in  the  fame 
manner  as  that  of  Cancer,  by  taking  out  of  your  Trigon  the  diftanCe  from  O, 
to  the  points  1 1 ,  i  c,  9  and  8,  where  the  feveral  Hour-lines  ^  ^  f  do  cut  the 
Tropick  of  Capricorn  P  C,  and  place  them  on  your  Plain  from  the  Center  C 
upon  the  refpeclive  Hour-lines,  and  through  thofe  points  fo  found,  draw  the 
curved  Line  vf  -vy,  reprefenting  the  of  Capricorn, 

^  And  in  the  fame  manner  may  the  Parallels  of  the  other  Signs  be  drawn 
upon  your  Plain,  by  placing  them  into  your  Trigon,  according  to  their  DeclT 
nations,  and  afterwards  transfer  them  into  }'Our  Plain, as  you  fee  in  Figure  V. 

The  Rules  that  have  been  here  given  forthe  deferibing  of  the  Parallels  of 
theSigns  in  this  EreQ;  DireT  Plain  ,  is  Univerfal  in  all  Plains,  obferving  this 
one  Exception ;  that  wdiercas  in  all  Erecl  Dir  eel  Plains  the  Equinoctial  is 
dr’awn  perpendicular  to  the  Meridian  ov  of  12,  fo  in  all  other  Plains 
whatfoever,  i\\Q  Equinoclial  mu^x  be  drawn  Perpendicular  to  iht  Subfile,  and 
the  Horizontal  Line  through  the  interfeefion  of  the  Hour-line  of  Six  with 
the  Equino6fial,  and  then  the  Work  will  be  the  fame  in  all  refpe(fts,  as  may 
appear  more  largely  in  this  next  Section. 

SECT.  IV.  In  North  or  South  EreS  Declining;  In  Eaft  or 
Weft  EireS  Reclining  :  Or  on  North  and  South  Declining 
and  Reclining  Plains. 

E  Caution  preceding  is  fufficient  for  the  performing  of  the  Work  of 
A  this  Section,  and  therefore  needeth  no  Example  :  For  every  one  of 
thele  laft  mentioned  Plains  is  an  Horittontal  Plain  to  that  place  in  the  W orld 
which  agrees  in  Longitude  wdth  thtPlTirCs  difference  of  Longitude,  and  in  La¬ 
titude  equal  to  the  height  of  the  Pole  or  above  the  Plain  :  I  might  here 
give  you  Rules  and  particular  Examples  in  every  one  of  tliefe  Plains ^hut  I  fliall 
give  you  but  one  for  all,  and  that  fball  be  both  eajie  and  general,  and  come 
iieareftto  the  Work  before  taught  in  the  laft  SeCtwn ;  And  this  way  I  prefer 


I 

! 

i 


t  is  Furtzt  tu  r  e 


''  L 

cr 

,tr  ■  t 


‘t 

■  fr. 


V-  ^ 

f  4 


»  s 


I  t. 

»  ' 

t-hl* 


■» 

!»'■ 

n 

1 1 


i- 


- 

'  •  #  -  *  •  \  - 


'i 

f'K>- 


'  '  '  ^  « 


- 

'  A'.-. 


•  .rw*  r  .A  •  —I 


'  ij 


'  \  r'’**N* 


I 

v- 


!i»^i:;v;--  :  \ 

k  • '*  ■.’‘V  '•'.;  v 


/, 


^  -X  ::;r- 

X,  ' 

'■  ^ 

\  '  .-' 
:.'< 

•  •  /  ■*  ,  ' 

V; 

'v  *  ’  • 

=5> 

■..A 

..1/  /  / 
i-’"‘  ./  / 

■\- 

-V 

!  W 


)  %  1 

K  5  ;> 


r/t  ■* 


»  . 
r 


•* 

\ 

:r.TT'^ 


.-,  ■•IrVr.’  v  ':v  ' 


'■Kr-rf  ^ 

>  ^ 

"  .  i  “ 


'■  .i  ’  -L'jS  «:  ■-i' 

_ _ _ -i 

V  '.i\  .  T  'ijf  '  .  jJ'' 

V  '  ■  ■  '-■''^■~.t,\~A 

f  ■  N'  ■  'i'.* 


xj*'"  X  V 

.■t'X;,  .  ■. 


X. 

■  I  ■  1 

'  1  < .  ’.iC~ 

.  • 

>•  '  .  • 

■••'  -1  . 
V  -  >  ■  - 

-'Xi'x 


...'■'Xx^,  a 

r  ■  -  ..•«  >  ’-iw 

*  '  •  '•  t 

'V  ' .  S  J 


i 


I  V 


•  s  ■  ■^  ^''  *'  .  ■  .'  ’* 


■'2A1, 

Zt'l,.'  ' 


1'^ 

,l  ^ 

V  */:; 

'-L 

•  -^tO.  .'  •  ■ 

,  v; ,  • 

;  -  I  V--X'- 


;  .)r}\ 


“  /"/ 


-  •.  •  »  * 
/X./Z  X  t'1 
■•^  '■":5r  !  'tl 

''-4^  ■■•^■■1  iVsvl 

.'*.-•  .s4  iJ.  '^Z  ,  :  ^';f\  %  ] 

■'  ■>  -0  •  •'■•X  ..x  'V  1  ^ 

-lA-t:  .  •  >*V-r  ! 

„■]■  -f.  y.  ■  -•:  .  I'  z-  ...- .  .-TX- 

■  >•'  r*  ■■  '  •■  :  x  '  j.,;:  ^  ^ 


.  .::  ,T 

•'ir 


.( 

I 


'V  • 


I 


»  /  . 

.  -  t  ** 

i.: 


;  xi' 

? 


If'.' 


>:  ^ 


y 

s 


* 


V  -  •  - 

’  •  ■.'  ff- 


"  ^  .  f'  ^  (t 

•  .  '  '  '  ■  'viV''  •' 

■  '  •./C'X  ■'. 

■  V';'..\\'.'.')-^^vMj./,.^^-,  ‘V 


\  ■^'''  * 

>v  ->-  %  '  *• 

_  X;„.  M 


\ 


.  s  t 

'"'■A' 


I 


M 

.M'-  ‘ 


*■ 


z  ■''‘'  V 


•  -.i  • 


-  .v; 


« 


M  '-. 


/ 


V. 


Of  SUN-DIALS.  121 

for  thefc  Rea  Tons, - (i.)  Becaufe  you  fhall  have  Two  Dials  contrived  in 

One.’ - (2.)  Becaufe  the  Work  will  be  ftill  the  fame  in  all  Plains,  without 

any  Variation.' - And  (3.)  Becaufe  one  half  of  the  labour  is  faved,  there 

being  but  5  or  6  Hour-lines  to  work  upon  at  the  moft ,  whereas  in  moft  of 
thefe  forts  of  Dials  liete  mention’d  9, 10,  or  12  Hour-lines  muft  fometimesbe 
made  ufe  of. 

One  Example  I  fay  fhall  ferve  for  all,  and  let  it  be  of  a  South  Vlain  Declining 
Eajirvardio  deg.  and  Reclining  from  the  Zjenith  55  deg.  which  is  one  of  the 
Dials  of  the  17  th  Chaffer  of  the  Firlt  Tractate ;  Whofe  difference  of  Longitude 
was  there  found  to  be  1 7  deg.  3  8  min.  And  th.QStile's  height  1 9  deg.2  5  min.— 

This  Dial  being  made, if  you  would  defcribe  the  EcfuinoIiiafxLe^Troficks  (and 
other  Parallels  of  the  Sun’s  Courfe)  you  muft  confider  that  this  Dial  is  an 
Horizontal  Dial  in  that  part  of  the  World  which  lies  Eajirvard  from  London 
17  deg,  and  38  min.  And  in  the  Latitude  of  19  deg.  25  min.  Wherefore,  the 
true  Hour-lines  pi  oper  for  this  Plain;  together  with  the  Stile  and  Subftile  be¬ 
ing  drawn  in  their  proper  places ;  If  you  make  the  Subfl  ilar  Line  of  this  Dial 
to  be  the  'J\velye-a-clock  Hour-line  of  an  Horizontal  D/Wfor  the  Latitude  of 
1 9  deg.  2  5  min.  draw  fuch  a  Dial  obfcurely  upon  this  Dial- Plain  fas  the  fmall 
pricked  1  dues  in  Figure  V II  a’re  :)  then  proceed  to  the  drawing  of  the  Equi- 
noftial  and  Tropicks  in  this  manner. 

I.et  A  be  the  Center  of  the  Dial.,  and  let  the  Diftance  of  the  Meridian  and  Figure 
Horizon.,  the  Subfile^  Stile  and  Meridian  be  fet  off  upon  the  Semicircle  E  G  F  YII. 
according  to  their  true  diftances  :  as  alfo  the  Hour-lines  proper  for  the  Plain 

by  help  of  the  Table  in  the  forementioned  17th  Chapter  of  Traliate  L - 

Secondly,  let  an  Horizontal  Dial  be  made  or  cal¬ 
culated  for  the  Latitude  of  19  deg.  25  min.  the 
Stiles  heiglit  of  the  Reclining  Declining  Plain^ 
which  will  be  fuch  as  this  'Fable  affordeth. Which 
diftances  being  fet  upon  the  Semicircle  E  G  F^ 
from  G  the  Subftile  both  ways,  they  fliall  be  thp 
the  Horizontal  Hour-lines.^  and  they  will  give  the 
true  hour  of  the  Day  in  that  Latitude  wherein 
the  Plain  would  be  Horizontal. 

This  done,  Affume  any  point  in  th^SubJlile  as  D,  through  which  to  draw 
tht  Equinoctial  Line right  Angles  thereto;  And  upon  the  point  D,  make 
an  Angle  1^  D  C  equal  to  the  Complement  of  the  new  Latitude  29  deg.2  5  min. 

'viz.  70  deg.  ^  5  min.  drawing  the  Line  D  C,  till  it  cut  the  Jxis  of  the  Stile 
A  C,  in  C,  fo  fliall  C  be  the  Nodus^  Apex  or  Point  in  the  Stile  which  muft 
give  Shadow  to  the  Tropicks  and  other  Furniture  upon  the  Dial. 

Again  ,  Obferve  where  the  Hour4ine  of  Six  doth  crofs  the  Equino- 
dial  Circle.,  for  through  that  point  (always)  muft  you  draw  th&  HorL 
zontal  Line  of  the  Plain  H  O,  and  parallel  to  the  Horizontal  Bale  of  the  Fmart 
Plain  E  A  F.  ■ 

Now  make  a  Trio  on,  wherein  let  C  A  be  equal  to  the  Stile,  A  B  to 
the  Subfile,  and  CB  to  the  Axis  of  the  Stile  of  your  Dial,  and  draw 

the  Line  C  perpendicular  to  the  Stile  C  A, - -Upon  C,  with 

60  deg.  of  your  Chords,  defcribe  an  Arch  of  a  Circle  and  thereon  fqt 

deg.  31  min.  the  Declination  of  the  Tropicks  from  L,  both  ways,  to 
K  and  M ,  and  draw  C  K  and  GM  :  — = — -This  done.  Out  of  your 
Dial-Plain ,  from  the  Center  A,  take  the  diftances  of  every  of  the  Ho- 
riz^ntal  Hour-lines ,  where  they  crofs  the  Equinodial,  (  beginiiipg  with 
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the  Subfile)  and  fet  thofe  diftances  upon  the  FquinoUUl  in  the  Trigot% 

from  the  Center  A,  to  the  Points  e,  and  /, - Which  done 

draw  Lines  from  A  through  thofe  Points,  as  the  Line  a  A,  b  c 
dA^eAy  and  /  A,  which  didances  being  taken  in  the  CompalTes  from  A  in 
the  Trigon^  and  fet  upon  the  Horizcntd  Hour Uines  on  the  Dial-Plam  from 
the  Center,  fhall  there  give  the  Points  7,  8,  9,  10,  ii,  12,  i,  2,  4, 

through  which  a  Line  drawn  with  an  even  hand  from  one  to  another 
without  making  any  Angles,  it  fhall  be  the  next  the  Center,  namely 

that  of  Cancer^- - The  Points  for  rite  other  Tropick  of  Capricorn  may 

be  found  by  taking  the  Diftances  from  A^  out  of  the  Trigon^  to  the  Inter- 
fedions  of  the  Horizontd  HourUines  with  the  Line  C  K,  which  trans¬ 
ferred  totlte  Plain,  will  give  the  Points  9,  10.  ir,  12,  i,  2,  by  which  the 
Tropck  of  Capricorn  maybe  drawn  :  And  thus  have  you  upon  i\m  Declining 
'declining  Plain,  defcribed  the  Equinoctial  and  the  two  Tropcks,  and  by  the' 
fame  reafon  alfo  you  may  infert  any  other  intermediate  Parallels  of  the 
Sun’s  Declination,, 

'I  haye  been  very  large  in  the  Work  of  this  Chapter,  but  before  I  conclude 
it,  I  win  giv^e  you  notice.  That,  ^ 

Whereas  you  are  direfled  to  take  but  of  your  Trigon  from  its  Center 
,  to  t\-iQ  Trogick  or  other  Parallel  that  you  are  to  fet  upon  your  Plain,  and 
1“  ;v‘  ^ply  that  diftance  to  the  correfpondent  Hour-line  from  the  Center- the 
^  '  Dial:  You  are  to  Note— — That  if  you  take  the  diftance  upon  the  Tri¬ 
gon  frorn  the  Interfe£lion  of  any  Hour-line  with  the  Equinoliial ,  to  the 
Tropick  or  Parallel  you  would  put  upon  your  Plain ;  and  apply  that  di* 
ftance  from  the  Interfeclion  of  the  fame  Hour-line  with  the  Equinoctial  ■ 
on  the  Plain ,  you  fhall  have  the  fame  point  upon  the  Hour-line  as  be* 

fore  : - -  And  this  way  is  the  better  of  the  two.  (i.)  Becaufe  in  often 

applying,  the  CompalTes  both  to  the  Center  of  the  and  of  the 

Dial-Plain,  the  Centers  will  be  apt  to  rend  with  often  applying  the  Comb 
paftes  to  them.  2.  BecaufeThis  way  you  have  feveral  points  to  which 
you  may  apply  the  CompalTes.  And  (^.)  many  times  the  Center  may 
be  very  remote  from  the  point  whofe  diftance  you  are  to  take ,  whereas 
the  Equinoctial  may  be  near  at  hand.  And  for  thefe  Reafons  I  give  you 
this  Advert ifement, 

M  ¥••  •  ■  ■*'  «■■■■  ■  ■■  I  ■  '  III  ■  ■■!■  ,  ■  ■■!  11, 

CHAP.  III. 

t  * 

Shewing  how  to  inferibe  the  Diurnal  Arches,  or  Parallels  of  the 

length  of  the  Day  on  any  Plain,  ! 

i 

E  Parallels  of  the  Length  of  the  Day,  and  thofe  of  the  Sun’s  en-  1 
1  trance  into  the  12,  Signs,  are  inferibed  upon  all  kind  of  Plains  by 
one  and  the  fame  Rules,  they  being  in  the  Sphere  the  fame  Circles,  fo  that .  \ 
'  as  when  you  put  on  the  Parallels  of  the  Sun’s  entrance  into  the  1 2  Signs, 
you  feek  what  Declination  the  Sun  hath,  and  accordingly  proceed  as  be¬ 
fore  is  directed  :  So  qi^v  for  the  Parallels  of  the  Length  of  the  'Day  you  ^ 
muft  feek  what  Declination  the  Sun  hath  at  fuch  a  length  of  the  day, 

%as 
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as  you  would  put  into  your  Dial-Plain,  which  that  you  may  do,  I  have  here 
added  the  Rule  following, 

•  -/ 

^  Confider  how  much  longer  or  Ihortcr  your  day  propofed  is  than  12 
hours,  and  take  the  difference,  then  the  proportion  will  be, 

k  « 

*  i 

As  the  Sine  of  90  deg.  ^  •  ' 

Is  to  the  Sine  of  half  the  difference.  '  .  '  , 

So  is  the  Tangent  Complement  of  the  Latitude  of  the  place, * 

To  the  Tangent  of  the  Declination  that  the  Sun  fhall  have  when  the  day 

,  is  at  fucb  a  length  as  you  require. 

As  for  Example ,  Let  it  be  required  to  know  what  Declination  the  Sun 
fhall  have  when  the  day  is  1 6  hours  long  in  the  Latitude  of  5 1  deg.  5  2  min. 
The  difference  betwixt  16  hours  and  12  hours  is  4  hours,  (or  60  deg.)  the 
half  of  which  is  3  0  deg,  Therefore  fay. 

As  die  Sine  of  90  deg.  . . 

r  ^ 

Is  to  the  Sine  of  30  deg.  which  is  half  the  difference. 

So  the  Tangent  Complement  of  the  Latitude  38  deg.  28  min. 

To  the  Tangent  of  the  Declination  of  the  Sun,  2 1  deg.  40  min.  ^9.599056 

And  fuch  Declination  fhall  the  Sun  have  when  the  day  is  either  16  hours, 
or  8  hours  long  in  the  Latitude  of  51  deg.  3  2  min. 

Now  if  the  Day  be  above  1 2  hours  long,  the  Sun  hath  North  Decli-? 
nation,  but  if  lefs  than  1 2  hours  long,  he  hath  South  Declination.  I  have 
here  added  a  Table  fliewing  what  Declination  the  Sun  hath  at  fuch  time 
that  the  day  is  either  8,  9,  10,  ii,  12,  13,  15,  or  16  hours  long,  in 

the  Latitude  of  51  deg.  3  2  min.  which  Table  was  made  by  the  preceding 
,  Proportion ,  and  the  like  may  be  done  for  any  other  days  and  in  any 
j  other  Latitude. 

■  ,  By  which  Table  you  may  fee  that  when  the  day  is  1 2 
I  hours  long,  the  Sun  hath  then  no  Declination,  but  is  in 
i  the  Equinoflial ;  but  when  the  day  is  either  1 1  or  1 3 
hours  long  the  Declination  is  then  5  deg.  5  5  min.  and 
when  the  day  is  either  9  or  1 5  hours  long ,  the  Sun 
hath  16  deg.  55  mim  of  Declination,  and  fo  for  the  reft, 
as  in  the  Table. 

For  the  placing  of  thefe  Parallels  of  the  length  of  the 
day  upon  any  of  the  fore-mentioned  Plains,  you  muft 
I  iniert  thefe  Angles  of  Declination  into  your  Trigon 
between  the  Tropicks  j;  and  proceed  in  all  refpedls  as 
before.  I  will  therefQ|E  give  you  but  one  Example, 
which  fhall  be  in  a  S^th  Plain ,  Declining  Eaftward 
1 5  deg.  in  the  Latitu^  of  5 1  deg.  3  2  min. 
j  Having  drawn  youf  fital  with  hours^  halves  and  quar¬ 

ters^  or  made  an  Horizmtal  Dial  proper  for  this  Declining 
Plain ,  and  put  in  thf  Equinoctial^  proportioned  your 
Stile  to  the  Plain  ^n^  defcribed  .the  two  Troficks  as  hath  been  already 
ta»ght.  \  You 
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You  muft  then  ,  for  the  drawing  of  the  Parallels  of  the  length  of  the  day^ 
have  recourfe  to  the  little  Table  before- going, and  iafert  thofe  Degrees  of  De¬ 
clination  into  your  Trigon,  and  from  thence  transfer  them  to  your  Plain. 

It  is  to  be  performed  in  all  refpe6Is  as  in  the  former  Chapter  for  the  inferr¬ 
ing  of  the  Signs,  not  at  all  differing  therefromj  and  therefore  I  fhall  forbear 
to  give  any  farther  inftru<Tions  for  the  performance  thereof^  but  fhew  you 
the  Figure  of  a  South  Plain  Declining  Eaftward  1 5  deg.  with  thefe  Pa¬ 
rallels  drawn  thereon ,  which  will  inftrud  more  than  a  whole  Chapter  of 
Information.  See  Figure  IX. 

Note^  In  Chapter  I.  of  this  TraQate,  where  I  fliewcdliowtodefcribethe 
7'ropicks  and  other  Parallels  of  Declination  upon  a  Polar  Plain,  where 
tliey  are  Perfe8:  Circles,  I  told  you  that  I  made  choice  of  fuch  and  fuch 
Parallels  of  Declination,  as  of  11  deg.  5  7  min.  1 6  deg.  5  5  min.  &c.  for  a 
-  reafon  hereafter  to  be  given ;  that  is,  becaufe  thofe  were  the  Parallels  of 
Declination  proper  lor  thofe  Circles  when  the  day  fliall  be  i  o  or  1 4 :  1 1 
or  9  hours  long,  and  therefore,  the  Circles  drawn  through  thofe  Points 
of  Declination  are  the  Parallels  of  the  Sun’s  Courfe  or  Diurnal  Ar¬ 
ches  when  the  day  is  14?- 15  or  16  hours  long,  as  they  are  noted 
in  Figure  I. 

And  thus  much  for  tlie  drawing  of  the  Parallels  of  the  Signs  and  Diurnal 
Arches  in  all  kinds  of  Plains.  1  will  now  proceed  to  fliew  you  how  fome 
other  AJtronomical  Conclufions  (which  are  very  pleafing  and  delightful)  may 
be  inferibed  upon  all  forts  of  Dial-Plains. 


C  H  A  P.  IV. 

% 

Shewing  how  the  Italian  ^^rf  lkbylonifh  hours  may:  he  Defcribed 

upon  all  kinds  of  Dial-Plains. 

TH  E  Italians  account  their  hours  from  the  Suns  Setting ;  and  the  Ba^ 
bylonians  from  his  Rifing ,  fo  that  thefe  kind  of  Hour-lines  being 
drawn  upon  any  Plain,  you  know  how  many  hours  are  pall:  fince  the  lalt 
Setting  or  Rifing  of  the  Sun.  'I'he  Infeription  of  thefe  Hour- lines  into 
any  of  the  former  Plains  is  very  eafie,  the  W ork  of  the  laft  Chapter  being 
well  underftood. 

Becaufe  that  upon  a  full  South  or  an  Horizontal  Plain,  tlicfe  Hour-lines 
fhew  themfelves  mofl:  uniform,!  have  therefore  for  Example  fake, made  choice 
of  a  full  South  Dial,  upon  which  it  fliall  befliewn  how  to  draw  both  the  7/4- 
lian  and  Babylonifls  hours. 

Your  Dial  being  drawnand  the  two  Tropicks  and  the  Equinoftial  thereon 
Figure  infcribed,and  alfo  the  Horizontal  lane  as  in  Figure  X.  you  muft  draw  in  your 
X.  Dial  two  obfeure  Parallels  of  the  length  of  the  day,  one  ^^'hen  the  day  is  8 
hour§,  and  the  other  when  the  day  is  1 6  hours  long :  expreffed  in  the  Dial  by 
the  two  pricked  Arches  near  the  twoTropicks^thc  uppermoft  of  wliich  is  the 
Parallel  of  the  Sun’s  Courfe  when  the  day  is  8  hours  long,  and  the  undermofi: 
is  the  Parallel  of  his  Courfe  when  the  day  is  16  hours  long,and  the  Equinodial 
is  the  Parallel  of  the  Sun’s  Courfe  when  the  day  is  1 2  hours  long. 

Your 
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Your  Dial  being  thus  prepared,  and 
thefe  Parallels  thus  inferred,  the  Infcrip- 
tion  of  thefe  Hour-lines  is  very  eafie  and 
plain  to  be  underftood.  To  begin  then 
with  the  Infcription  of  the  Babylonijh 
hours  (which  are  the  hours  from  the 
Sun’s  rifing.)  Firft,  It  is  apparent  that  ^ 
when  the  day  is  8  hours  long,thattheSun 
rifeth  at  8  in  the  Morning,  fo  that  at  that 
time,the  firfl:  hour  after  the  Sun’s  riling  is 
9  in  the  Morning.  Secondly,  When  the 
day  is  1 2  hours  long,  the  Sun  rifeth  at  6 
in  the  Morning,  fo  that  at  that  time,  the 
firll:  hour  after  the  Sun’s  riling  is  7  in  the 
Morning.  Thirdly,  When  the  day  is  16 
hours  long ,  the  Sun  rifeth  at  4  in  the 
Morning,  fo  that  the  firll  hour  after  his  rifing  is  5  in  the  Morning,  as  plainly 
appeareth  by  this  Table :  by  which  you  may  perceive  that  when  the  day  is  8 
hours  long,  the  feventh  hour  from  Sun  rifing  is  3  in  the  Afternoon.  When 
the  day  is  1 2  hours  long,  the  feventh  hour  from  the  Sun’s  riling  is  i  in  the 
Afternoon.  And  when  the  day  is  16  hours  long,  the  feventh  hoiir  from  the 
Sun’s  rifing  is  1 1  before  Noon,  as  by  this  Table  doth  evidently  appear.  And 
therefore  a  llreightLine  drawn  in  your  Dial  through  thofe  Points  where  the 
common  Hour-lines  of  your  Dial  crofs  the  refpeftive  Parallels  of  the  days 
length,  lliall  fhew  the  true  quantity  of  hours  fince  the  Sun’s  riling  at  all  times 
of  the  Year,  which  is  the  Babylomflj  hour,  • 

Bor  Example^  Let  it  be  required  to  draw  the  feventh  hour  from  the  Sun’s 
rifing  in  your  Dial.  Firfl:,  By  the  Table  you  fee, that  in  the  Parallel  of  8  hours 
for  the  length  of  the  day,  the  feventh  hour  from  the  Sun’s  riling  is  3  in  the 
Afternoon,  therefore  obferve  where  the  Hour-line  of  three  crolfeth  the  Pa¬ 
rallel  of  8  hours,  which  is  at  a.  Secondly,  By  the  Table  you  fee  that  in  the 
Parallel  of  1 2  hours  for  the  length  of  the  day,  the  feventh  hour  from  Sun 
riling  is  then  i  in  the  Afternoon,  wherefore  obferve  where  the  Hour-line  of 

I  crolfeth  the  Equino6lial,  which  is  at  b.  Thirdly,  By  the  Table  you  fee  that 
in  the  Parallel  of  1 6  hours,  for  the  length  of  the  day,  the  feventh  hour  from 
the  Sun’s  rifing  is  1 1  before  Noon,  therefore  obferve  where  the  Hour-line  of 

I I  crolfeth  the  Parallel  of  16  hours,  which  is  at  c  :  then  draw  the  ffreight 
Line  ab  c,  which  lhall  be  thefeVenth  Babylomjh  hour,  or  the  feventh  hour 
from  the  Sun’s  rifing  all  the  Year  long. 

And  by  this  Rule,  and  the^help  of  the  Tabic,  you  may  draw  all  the  other 
hours  from  Sun  rifing, as  you  fee  them  drawn  in  the  Figure,and  put  Numbers- 
to  them,  as  you  fee  there  done ;  But  to  remove  all  doubts  that  may  arife  in  the 
performance  thereof,  obferve  the  following  Notes. 

Note  I.  That  if  any  of  the  Points  you  are  to  make  ufe  of  for  the  drawing 
of  any  of  thefe  hours  fall  without  your  Plain,  you  muft  in  this  cafe  ex¬ 
tend  your  Hour-line,  Parallel  and  Equino6lial,  beyond  the  limits  of 
your  Dial-plain,  and  there  make  ufe  of  the  Points,  but  you  need  extend 
the  Line  you  draw  no  farther  than  the  bounds  of  the  Plain,  as  here  in 
the  Figure  you  fee  the  firll  hour  from  Sun  riling  crolfeth  not  the  Equi- 
noHial  and  the  Hour-line  of  7  within  the  Plain,  but  if  the  Equinodial 
and  the  Hour-line  of  7  were  extended,  it  would  crofs. 

K  k  Not  9 
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Note  2.  That  if  any  of  the  three  Points  you  are  to  make  life  of  do  fo  far 
exceed  the  limits  of  your  Plain,  that  it  will  be  either  impoHible  (or  at 
leaft  very  troublefome)  to  extend  the  Hour-lines  fo  far,  then  in  that  cafe 
any  two  of  the  three  Points  will  fuiBciently  fervetlieturn. 

Nofe  3.  That  as  the  hours  from  Sunr-ifing  were  put  into  the  Plain,  by  the 
fame  Rule  may  the  hours  from  Sun-fetting  (or  halfw  hours)  be  inferred, 
the  difference  being  only  in  the  numbring  of  them ;  the  hours  from  the 
Sun’s  rifing  being  numbred  from  the  WeR  fide  to  the  Horizontal  Line  by 
1,2, 3, 4,5,  d,  7, 8, 9, 10,  and  ii,  and  the  hours  from  the  Sun’s  fetting  are 
denominated  from  the  Eaft  fide  of  the  Horizon ,  and  numbred  back¬ 
wards  by  2 3 ,  2 2,  2 1 , 20, 1 9, 1 8, 1 7, 1 6, 1 5, 1 4,  and  1 3 ,  as  in  Figure  X. 

I  doth  evidently  appear. 

Note  4.  That  thefe  Italian  and  Babylonifh  hours  infcribed  on  all  Plains 
by  help  of  this  little  Table,  and  the  Rules  and  Cautions  delivered  in 
this  Chapter ,  and  therefore  more  Examples  were  fuperfluous :  Only 
for  your  further  fatisfatfion  have  recourfe  to  Figure  IV,  and  Figure  I, 
where  thefe  Hour-lines  are  infcribed  upon  Direft  Polar  and  Dir edt  Equi* 
noltial  Plains. 

A  Corollary  arijing  from  the  Work  of  this  Chapter, 

The  Parallels  or  Hour-lines  from  the  Sun’s  Rijing  or  Setting  being  in¬ 
fcribed  upon  any  Plain,  there  will,  by  their  Correfpondent  Interfe£lions one 
with  another,  be  Points  produced,  through  which,  if  Lines  be  drawn 
with  an  even  hand,  the  fame  fhall  be  Parallels  of  the  Length  of  the  day :  So 
the  Pricked  Line  5  c  19,  in  Figure  X,is  the  Parallel  of  the  Sun’s  Courfe  when 
the  day  is  1 6  hours  Long;  and  the  Pricked  Line  o  ^  o  in  the  fame  Figure  X,  is 
the  Parallel  when  the  day  is  8  hours  Long.  So  the  Pricked  Curved  Lines  in 
the  Equinodial  Dial,  Figure  IV,  are  the  Parallels  of  the  Sun’s  Courfe  when 
the  day  is  8. 9.  i  o.  1 1 . 1 2. 1 3. 1 4. 1 5  and  1 6  hours  Long.  Alfo,  the  Circular 
Line  noted  with  15. 15. 15.  in  the  Polar  Dial,  Figure  I.  is  the  Parallel  of 
the  Sun’s  Courfe  when  the  day  is  1 5  hours  Long  :  and  thus  may  Points  be 
found  whereby  to  draw  the  Diurnal  Arches  upon  all  Plains  whatloever. 


G  H  A  P.  V. 

or  Old  Vnequal  Hours  may  be  drawn  upon 
any  Plain, 

IT  was  the  Cuftom  of  the  Ancients  to  divide  their  Day  and  alfo  their 
Night  (  whether  long  or  fliort )  into  1 2  equal  parts ,  beginning  their 
Day  at  the  Sun^s  rifing^  and  their  Night  at  the  Sun's  fetting  :  So  that  1 2 
of  the  Clock* at  Noon  was  always  the  Sixth  hour  of  their  day,  and  12 
at  night  was  always  the  Sixth  hour  of  their  Nighty  and  according  to  this 
Divifion  were  their  Dials  drawn  ;  fo  that  all  the  Summer  the  hours  of 
their  day  were  longer  than  the  hours  of  their  night ;  and  all  the  Wjnter, 
the  hours  of  their  night  were  longer  than  thofe  of  their  day ,  and  when 
the  Sun  is  in  the  Equino6lial ,  then  the  hours  of  their  day  and  night  w^ere 
equal,  and  the  fame  with  thofe  of  our  Account ,  but  at  all  other  times  of 
the  Year  different. 


The 
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The  infcribing  of  thefe  hours  into  all  kind  of  Plains  is  very  eafie,  being 
much  like  the  drawing  of  the  BahjlomJh  and  hours  before  taught. 

Having  therefore  drawn  your  Dial  with  the  Hours,  Halves,  and  Quarters, 
andalfo  drawn  the  twoTropicks  and  the  Parallels  of  the  length  of  the  day 
thereupon,  as  you  fee  done  in  Figure  IX,  which  is  a  South  Plain  declining 
Eaftward  1 5  deg.  Then  make  choice  of  two  Parallels  of  the  length  of  the 

day,  which  mull  be  both  of  them  egui-  _ 

diftant  from  the  Equmolihlfsrhkh  let  be 
the  Parallels  of  9  hours  and  1 5  hours, 
both  which  are  three  hours  diftant  from 
the  Equinofftd  on  either  fide  thereof, and 
thefe  two  Parallels  are  the  rnoft  conve¬ 
nient  for  this  parpofe,  becaufe  the 
hours^  will  fall  (in  thefe  two  Farallelsf) 
juftly  upon  the  Hours^  Halves  and  ^ar~ 
ters  of  the  Common  Hour-lines :  and  fo 
be  the  eafier  drawn.  Now  the  Points 
through  which  every  one  of  the  Jewi[h 
hours  muft  pafs  is  fhewed  by  this  little 
Table,  wherein  you^ may  fee  that  the 
Firft  JewiJJj  hour  muft  be  drawn  through 
5  hours  45  minutes  (or  5  hours  three 
quarters)  in  the  Parallel  of  15,  through 

7  hours  in  the  Equino(ftial,  and  through 

8  hours  and  a  quarter  in  the  Parallel  of 

9  hours. 

In  like  manner, the  Second  Jewifi  hour 
muft  be  drawn  in  your  Plain  through  7  of  the  Clock  in  the  Parallel  of  15  : 
through  8  a  Clock  in  the  Equinoclial :  and  through  9  of  the  Clock  in  the  Pa¬ 
rallel  of  9  hours,  and  fo  of  all  the  reft,  according  as  you  fee  in  this  Table,  and 
as  you  may  perceive  them  drawn  in  the  South  declining  Plain  before  men¬ 
tioned  Figure  IX.  And  through  thofe  hours  and  quarters  of  hours  which  this 
Table  expreireth,muft  the  Old  unequal  or  "^emlh  hours  be  drawn,  in  all  Plains 
whatfoever ;  whether  Dire6l,Declining,or  Recliningand  Declining, of  which 
you  have  another  Example  of  thefe  hours  dravui  upon  the  Polar,  or  South 
Reclining  Plain,  Figure  IV. .  Thefe. things  are  called  by  fomethe  Planetary 
Hours y  but  they  are  very  difterent  from  them,  for  thefe  refpe£l  the  equal  Di- 
vifion  of  the  Equinoctialy  as  the  other  do  of  the  Ecliptick, 
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Shewing  how  to  draw  the  Azimuths,  or  Vertical  Circles  on  aU 

forts  of  Plains, 

TH  E  Azimuths  are  great  Circles  of  the  Sphere,  meeting  together  in  the 
Zenith  and  Nadir  of  the  Place :  They  have  the  fame  Relation  or 
Habitude  to  the  Horizon y  as  the  Meridians  or  Hour-circles  have  to  the  Equi- 
noHial,  They  are  varioufly  inferibed  on  all  Plains  according  to  their  Situ¬ 
ation.  In  the  Horizontal  Plain  they  meet  in  a  Center  with  equal  Angles ; 
As  the  Hour-lines  did  in  the  EquinoQial  Plain.  In  all  Vpright  Plains, 

whether 
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whether  DireB  or  Declmmg^  they  are  Parallel  to  the  Meridian  ,or  Line  of  1 2. 
And  in  all  Reclining  RUins  they  meet  together  in  a  Point  which  is  the  Ze¬ 
nith  of  the  Place,  but  with  unequal  Angles.  Thefc  Azimuths  being  great 
Circles  in  the  Sphere ;  are  therefore  ftreight  Lines,  and  may  be  defcribed 
upon  all  forts  of  Plains  asfolloweth. 

’  S  E  C  T.  1.  0^2  the  Horizontal  Plain; 

IN  the  Horizontal  Plain  thefe  Azimuths  are  mofl:  eafily  inferred,  for  your 
Dial  being  drawn_,  with  the  Tropicks  thereon,  you  have  no  more  to  do, 
but  upon  the  foot  of  the  Perpendicular  Stile  to  defcribe  a  Circle,  which 
you  may  divide  into  32  equal  parts  (beginning  at  the  Meridian)  anfwer- 
ing  to  the  3  2  Points  of  the  Mariners  Compafs ;  Or  elfe  you  may  divide  the 
fame  Circle  into  90  equal  parts,  according  to  the  Afironomical  Divifion, 
and  through  each  of  thofe  Points  draw  ftreight  Lines  from  the  foot  of  the 
Stile,  and fet  Numbers  or  Letters  to  them ,  either  by  10,  20,  30,  40, &c. 
Jif  you  divide  the  Quadrant  into  90,  or  elfe  by  South,  S  by  W,  SS  W, 
S  W  by  S,  &c.  if  you  divide  the  Circle  according  to  the  Mariner’s  Com¬ 
pafs  ;  An  Example  of  thefe  Lines  drawn  upon  an  Horizontal  Dial,  you 
fhall  find  at  the  end  of  the  Tenth  Tractate,  Of  ProjecHve  Dialling, 

\  S  E  C  T.  11.  On  Ea§l  or  Wefi  EreS  Birecf  Plains. 

Figure  Our  Dial  being  finifhed,  Upon  the  Point  E,  of  the  Horizontal  Line 
II.  ■  JL  MEN  in  your  Dial ,  raife  the  Perpendicular  E  Q  equal  to  the 
Line  E  G  in  your  Dial,  and  on  Q  as  a  Center,  defcribe  the  Quadrant  QE  L, 
and  divide  it  into  eight  equal  parts,  reprefenting  one  quarter  of  the  MarmeFs 
Compafs y  and  from  the  Center  Q  draw  Lines  through  each  of  thofe  Divi- 
fions,  extending  them  till  they  cut  the  Horizontal  LineM  E  N  in  the  Points 
©  ©  ©  0  ©  o,  from  which  Points  draw  Lines  perpendicular  to  tlie  Horizon¬ 
tal  Line  MEN,  and  they  fliall  be  the  Az^imuths  or  Points  of  the  Compafs  be¬ 
tween  the  EaH  and  the  South,- - -  Now  for  tho^e  Azimuths  whicli  fall  be¬ 

tween  the  EaH  and  the  North,,  namely,  E  by  N. — ^E  N  E — N  E  by  N — 
the  fame  diftances  being  fet  upon  the  Horizontal  Line  from  E,  towards  the 

left  hand,  as  the  three  firft  Azimuths  E  by  S  - —  E  S  E - S  E  by  E  were 

toward  the  right  hand,  fhall  give  the  3  Points  ©  ©  ©  on  the  left  hand  of  E, 
through  which  Points  alfo  Lines  drawn  perpendicular  to  the  Horizon, 
fhall  be  the  Azimuths  between  the  EaH  and  the  North,,  'viz,  fo  many  of  them 
as  your  Plain  is  capable  to  receive,  as  in  Figure  II. 

%  Here  note.  That  as  the  EaH  Dial  fheweth  all  the  Morning  hours  from 
Sun  Rijltig  to  the  Meridian  :  and  the  WeH  Dial  fheweth  all  the  After¬ 
noon  hours  from  the  Meridian  to  his  Setting  :  fo  doth  the  EaH  Dial  Ihew 
all  the  Azimuths  from  the  Sun’s  Rifing  till  Noon,,  and  the  WeH  Dial  all 
the  Azimuths  itom  Noon  till  his  Setting, 

♦ 

SECT.  III.  In  the  full  North  and  South  EreSt  Plains, 

TH  E  drawing  of  the  Azimuths  upon  the  full  North  or  South  erecl  Plains 
is  very  little  different  from  the  drawing  of  the  fame  Circles  upon  the 
Eaft  or  Weft  Plains.  But  for  Example,  Let  it  be  required  to  draw  the  Azi¬ 
muths 
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muths  upon  a  full  South  Dial.  The  Tropicks  and  the  Equino£lial  being  Fi<rure 
drawn  together  with  the  Horizontal  Line  ALB.  Take  in  your  Compafles  y, 
the  length  of.  the  Perpendicular  Stile  of  your  Dial  LS,  and  fet  it  upon  the 
Meridian  Line  of  your  Dial,  from  Lto  0,  and  upon  the  Point©  as  a  Center, 
deferibe  the  Semicircle  E  L  F,and  divide  each  Quadrant  thereof,  namely  E  L 
and  L  F  into  9  equal  pai  ts(each  Quadrant  reprefenting  one  quarter  of  a  Great 
Circle,  w'hich  is  90  degrees)  For  in  this  Example  I  have  put  in  the  Azimuths 
according  to  the  JJlroi.omical  Account  of  them,  as  10, 20,  30,  &c,  from  the 
Meridiem.,  and  not  according  to  the  Account  by  Voints  of  the  Qorh- 

p^tfs)  and  tlirough  each  of  thofe  DiviOons  draw  Lines  from  the  Center  O  till 
they  cut  the  Line  ALB  in  the  Points  ^andr,  through  which’ 

Points  draw  Lines  parallel  to  the  Meridian  or  Line  of  1 2,  they  (ball  be  the 
true  Azimuths  upon  your  Plain,  and  fothefe  Azimuths  are  according  to  the  • 
Aftronomical  Account  by  10,  20,  30, 40,  and  not  by  the  Mariner’s  Ac¬ 
count  by  Points  of  Cempafs,  asm  the  Eaft  Dial  they  were. 

SEC  T.  IV.  On  Erea  Declining  Plains. 

IN  upright  Declining  Plains  the  Azimuths  are  cafily  inferibed,  little  diffe- 
ring  from  the  formxcr.  Draw  therefore  your  Dial,  which  we  will  fup- 
pole  to  be  the  South  Declining  Plain  before  ufed.  Declining  from  the  South 
Eaft  ward  1 5  degrees.  As  Figure  IX. 

Your  Dial  being  drawn  with  the  Equinoctial,  Tropicks,  and  Ilorizontal 
Line  thereon  inferibed  ;  U  pon  the  Horizontal  Line  DBF  in*your  Dial,  on 
the  Point  B  raife  the  Perpendicular  B  C,  making  BC  equal  to  B  O  the  per* 
pendicLilar  Stile  in  your  Dial :  then  on  the  Point  C  as  a  Center,  deferibe 
the ‘Semicircle  R  B  S ;  This  done,  Lay  a  Ruler  upon  C,  unto  ©,  where  the 
Hour-line  of  12  and  the  Horizontal  Line  do  crofseach  other,  and  where  it 
cuts  the  Semicircle  R  B  S,  begin  to  divide  it  into  fixteen  equal  parts  at  the 
Points  ^  ^  crc.  then  from  the  Center  C  draw  Lines  through  each  of  thofe 
Divifions  till  they  cut  the  Horizontal  Line  D  E  in  the  Points  abed  efg  h  i 
k  and  /.  —  Lalfly,  Through  thefe  Points  ahedefghik  and  /  draw  Lines 
parallel  to  the  Meridian,  which  Lines  ihall  be  the  Azimuths  required,  which 
you  mulf  number  according  to  the  Situation  of  the  Plain,  viz.  the  Wejiern 
Azimuths  on  the  Easi  fide  of  tjie  Meridian.,  and  the  Eajhrn  Azimuths  on  the 
WeH  fide  thereof^  as  you  fee  them  numbred  in  Figure  IX. 

SECT.  V.  V^on  Eirea  North and  South  RecUners. 

IN  all  thefe  Plains,  becaufe  the  Zfnith  of  the  Place  cutteth  thefe  Plains  oh-, 
liquely,  makingoblique  Angles  therewith,  there  is  inall  thefe  Plains  two 
Points  to  be  found,  before  tliQ  Azimuths  can  be  drawn  :  The  one  is  the  Zjenith 
of  the  Plain,  (which  is  the  foot  of  the  Perpendicular  Stile ;)  The  other  is  the 
Zenith  of  the  Place,  (which  is  the  Point  upon  the  Plain  where  all  the  AzL 
muths  muff  meet,  with  unequal  Angles,  as  the  Hour-lines  upon  all  Dial-plains 
do  in  the  Poles,  except  in  the  Polar  Plain,  where  they  meet  with  equal  An¬ 
gles.)  And  here  note.  That  the  Zfnith  Point  of  the  Place,  always  falleth 
upon  the  Meridian,  or  12  a  ClockHour*lineof  the  Dial. 
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1.  Vpon  DireS  Polar  or  EquinoBial  Plains, 

To  find  thefe  two  Points  upon  a  North  Plain  Reclining  from  the  Zenith 
51  deg.  52  min.  equal  to  the  Latitude  of  the  Place,  the  Complement  thereof 
is  3  8  deg.  28  min.  and  fuch  a  Plain  is  the  forementioned  FoUr  Dtd^  Figure  I. 
Figure  In  the  Frigon  belonging  to  this  Polar  Dial,  the  Line  K  D  is  made  equal  to 
1.  the  height  of  the  Perpendicular  Stile  in  the  Dial  AX^  Wherefore,  Let 
KD  be  made  Radius^  then  M  C  (being  Perpendicular  to  it)  is  a  Tangent 
Line  thereto.  Wherefore ,  upon  K,  as  a  Center ,  defcribe  an  Arch  of  a 
Circle  L  D  V,  upon  which  fet  5 1  deg.  3  2  min.  the  Reclination  of  the  Plain 
from  D  to  L,  and  fet  38  deg.  28  min.  the  Complement  of  the  Plain’s  Recli¬ 
nation  from  D  to  V,  and  through  the  Points  L  and  V,  draw  the  Lines  K  L  M, 
andKVT. 

So ,  K  D  being  equal  to  the  length  of  the  Perpendicular  Stile ,  D  M 
lhall  be  the  Tamern.  and  K  M  tliQ  Seoaftt  of  the  RUirfs  Reclination  :  And 
D  T  fhall  be  the  Tangent ,  and  K  T  the  Secant  of  the  Complement  of  the 
Flaitfs  Reclination, 

Thefe  Lines  being  drawn  upon  your  Trigon^  take  D  M  the  Tangent  of  the 
Plain’s  Reclination,  and  fet  it  upon  the  Meridian  Line  of  your  Dial-plain 
from  A  the  foot  of  the  Perpendicular  Stile,  to  S,  fo  fhall  S  be  the  Point  through 

which  the  proper  Horizontal  Line  of  the  Plain  P  S  Q  mufl:  be  drawn. - 

Alfo,  out  of  your  Trigon  take  D  T,  the  Tangent  Complement  of  thB  Plain’s 
Reclination,  and  fet  that  diftance  upon  the  Meridian  Line  of  your  Dial-Plain, 
from  A  the  foot  of  the  Perpendicular  Stile,  to  ©,  fo  fhall  ©  be  the  Zenith  of 
the  Place,  and  the  Center  where  all  the  Azimuths  mufl:  meet. 

Again,  Take  K  M,  (the  Secant  of  the  Pla  in’s  Reclination)  out  of  your  Tri¬ 
gon  ^  and  making  that  Radius^  fet  one  foot  of  your  Compaffes  in  A,  the  Cen¬ 
ter  of  the  Dial,  and  defcribe  the  Semicircle  mSn,  which  divide  into  1 6  equal 
parts,  for  one  half  of  the  Mariners  Compafs  if  you  will  put  in  the  Azimuths 
according  to  that  Account  (as  here  they  are)  Or  into  90  deg,  each  Quadrant 
(if  you  will)  according  to  the  Aftronomical  Account.  Then  lay  a  Ruler 
upon  A,  and  the  feveral  Divifions  of  the  Semicircle  m  S  n^  and  it  will  cut  the 
‘  Horizontal  Line  P^S  (which  is  alfo  a  Tangent  Line  to  the  Semicircle  mSn') 

in  the  Points  ?lc  ^ 

Laftly,  Lay  a  Ruler  to  ©,  which  is  the  Zenith  of  the  Place,  and  to  every 
of  thefe  Points  ^  So  fhall  Lines  drawn  by  the-Side  of  the  Ruler  (as  the 
Pricked  Lines  in  Figure  I.  are)  be  the  Azimuth  Lines  defired.  Which  mufl: 
be  numbred  from  the  Meridian  towards  their  proper  Coaft,  as  in  Figure  I. 
Upon  all  other  Plains  the  Rule  following  is  General. 

II.  on  North  and  South  Reclining  Plains. 

The  Perpendicular  Stile  being  made  the  Radius^  the  Meridian  Line  is  a 
Tangent  Line  thereunto  ;  and  f^^rtical  or  Zs^i^h  Voint,  in  which 
all  the  Azimuths  muR  meet  j  muff  always  be  the  Tangent  of  the  Com¬ 
plement  of  the  Plaints  Reclination^  and  muff  be  fet  ujx)n  the  Meridian 
Line,  from  the  foot  of  the  Perpendicular  Stile  downwards  in  Recliners^ 
but  upwards  (or  above  the  foot  of  the  Perpendicular  Stile)  in  the  oppo- 

lite  Incliners - Alfo,  The  Horizontal  Point  in  thefe  Reclining  Plains^ 

muft  be  the  Tangent  of  the  Plains  Reclination ,  fet  from  the  foot  of  the 

Perpen- 
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Perpendicular  Stile  upon  the  Meridian  upwards  in  Reclining  Plains^  but 
downwards  in  the  Incliners,  And  the  Horizontal  Point  being  found,  the 
'  Horizontal  Line  drawn  through  the  fame  muft  be  always  Parallel  to  the 
Hour-line  of  Six, 


$ 


IwEquinociial  Plains^  whether  Direll  ov  Declining ,,  thQ  Azimuth  Circles 
meet  at  the  Vertical  Point ,  with  Vn-equal  Angles^  and  therefore,  one  other 
Point  muft  be  found  to  draw  each  Azimuth  by  : 

And  that  other  Point  may  be  moft  conveniently  had,  either  in  the 
zjontal  Line  of  the  Plain^  or  in  the  Equinoctial :  And  thofe  Points  of  Inter-^ 
feClwn  with  the  Equinoctial^  may  be  found  by  this  Proportion, 


As  the  Sine  of  90  deg. 

Is  to  the  Sine  of  the  Latitude, 

So  is  the  Tangent  of  the  Azimuth  from  the  Meridian^ 

To  the  Tangent  of  the  Equators  Difiance  from  the  Meridian, 

So  the  Latitude  being  51  deg.  32  min.  The  loth  Azimuth  from  the  Me^ 
ridian  will  be  found  to  be  7  deg.  50  min.  from  the  Meridian  upon  th.t  Equa- 
tor  :  Or,  the  Azimuth  of  1 1  deg.  1 5  min.  one  Point  of  the  Compafs  will  be 
found  to  be  8  deg.  5 1  min.  from  the  Meridian  upon  the  Equator^  and  the  reft 
as  in  thefe  Tables. 


Azimuth, 

EquinoCt, 

^3 

EquinoCt, 

Points 

Difiance. 

Difiance. 

Names, 
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49 
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60 
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70 
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7 

78 

45 

75 

44 

E  ^  S 

80 
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77 

18 

8 
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90 

o> 

Eafti 

90 

0 

90  . 

0 

•  -V  - 

I  intended  10  have  inferred  the  (by  this  Rule)  into  Figure  I V; 

but  it  being  incumbred  with  Furniture  enough  already ,  I  omitted  them : 
Thefe  Directions  being  fufficient  to  fupply  that  Defedfi 

SECT.  VI.  TJjpon  Ea§l  or  We§l  RecUfiers, 

IN  all  thofe  Plains,  the  Hour-line  of  XII.  (which  is  the  Meridian  of  the 
Place)  and  the  Subfiilar  Line  (which  is  the  Meridian  of  the  Plain)  are  not 
both  one  Line,  (as  in  all  the  other  Examples  they  were)  but  two  feveral  Lines ; 
You  muft  therefore  (to  inftance  iti  a  Welt  Dial  Reclining  46  deg;  as  in  Fi- 
gure  XII.)  Firft,  Find  th^Vertical  or  Ksnith  Point,  Where  the  Azimuths 
are  to  meet,  and  Secondly,  the  Horizontal  Point j  through  'W^hich  the  Hori¬ 
zontal  Line  muft  pafs; 


Fifft; 
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Firfl-,  From  the  foot  of  the  Perpendicular  Stile,  as  at  A,  let  fall  a  Perpen^ 
dicular  to  the  Meridian  of  the  Place  or  Hour-line  of  XIT.  [which  Line  iii  all 
Eafta’nd  Weft  Recliners  is  Parallel  to  the  Horizon,  as  in  North  and  South 
Upright  Plains  it  is  Perpendicular  .thereunto]  Let  this  Perpendicular  Line 
be  V  A  O,  fo  V  fliall  be  the  IF micalo^ Zenith  Pointy  where  all  the  Azimuths 
muft  meet,  and  0  fhall  be  the  Point  througli  which  the  Florlzontal Line^ 
muft  be  drawn,  parallel  to  the  Hour-line  of  1 2,  as  the  Line  DOE,  and  (if 
there  be  no  former  Errour  in  your  Work)  this  Horiz^cntd  Lh.e  will  alfo  pafs 
through  the  Intcrfe6fion  of  the  EqulnoAlal  Line  with  the  Hour-ltne  of  Six, 
Thcfe  Points  you  fee  are  eafily  found  in  thefe  Plains,  by  drawing  of  one  Line 
only,  namely  V  A  O  ;  Put  more  artificially  thus:  The  Line  V  A  O  being 
drawn  at  full  length.  Upon  the  Point  A  Ei  ed  a  Perpendicular  A  H,  making 
A  H  equal  to  A  B  the  length  of  the  Perpendicular  Stile.  Then  making  A  H 
tliQ  Radius,  V  AO  fliall  be  a  Tangent  Line  thereto:  Upon  H  deferibe  the 
Arch  of  a  Circle  L  A  K,  and  upon  it,  fet  oft'  40  deg.  the  Plain’s  Recli- 
nation  from  A  to  K,  and  50  deg.  the  Complement  thereof  frem  A  to  L  : 
and  draw  the  Lines  H  K  and  H  L,  till  they  cut  the  Perpendicular  Line 
V  A  0,  which  they  will  do  in  the  Points  V  and  0,.and  fp  is  A  O  the  Tan¬ 
gent  of  the  Plain’s  Reclination  40  deg.  and  A  V  the  'Tangent  Complement 
of  the  Reclination  50  deg.  and  by  this  means  alfo  you  have  found  the  Fer^ 
tical  and  Horizcntal  Points  O  and  V. 

This  done,  take  HO  (which  is  the  Secant  of  the  Plain’s  Reclination  40 
deg.)  and  with  that  diftance,  upon  A,  the  foot  of  the  Perpendicular  Stile,  , 
deferibe  a  Semicircle  P  Q  S ,  which  divide  (each  quarter  thereof)  into 
Eight  equal  parts,  beginning  at  Q^:  where  the  Vertical  Line  V  A  (exten¬ 
ded)  cuts  the  Semicircle  :  A  Ruler  laid  from  Q,  to  each  of  thofe  parts^ 
will  crofs  Horizontal  Line  DOE  (extended  where  need  requires)  in 
the  Points  &c. 

Laftly  ,  A  Ruler  laid  to  V,  the  Z.tnith  Point  and  every  of  thefe  Marks 
^  *  >K  in  the  Horizontal  Line,  if  you  draw  Streight  Lines  thereby  they  ] 

fhall  be  the  Azimuths  Required.  -  ' 

*  SECT.  VII.  Vpon  North  or  South  Declining^  Reclining  Plains, 

The  inferring  of  this  kind  of  Furniture  into  Declining  Reclining  Plains,  j 
differeth  little  from  the  inferring  the  fame  Furniture  into  Eaft  or  Weft 
Recliners ;  For  having  drawn  your, Dial,  proportioned  your  Stile  to  your  J 
Plain,  deferibed  the  two  Tropicks  and  Equinoftial,  -as  allb  the  Fiorizontal 
Line  proper  to  the  Plain  :  You  may  proceed  to  the  infeription  of  the  Azi¬ 
muth  or  Vertical  Circles,  in  manner  lollowing : 

Fitrure  Firft;  From  the  foot  of  the  Perpendicular  Stile  at  K  let  fall  a  Pefpendi-  ' 
XIII  cular  to  the  Horizontal  Line  of  the  Plain,  as  VKH,  upon  K  raife  a  Per¬ 
pendicular  KN,  making  KN  equal  to  E  K  the  perpendicular  Stile;  which  A 
Line  KN,  make  a  Radius,  and  upon  N  as  a  Center,  deferibe  an  Arch  of  a  ^ 
Circle,  and  upon  it  fet  35  deg.  the  Complement  of  the  Plain’s  Reclination  j 
from  Kto  b,  and  draw  the  Line  N  b  V.  Alfo  fet  55  deg.  the  Reclination 
from  K  to  a,  and  draw  the  Line  N  4  H :  So  fliall  K  H  be  the  'Tangent,  K  V 
the  Tangent  Complement  of  the  Plain’s  Reclination,  and  ccnfequently  H  N, 
the  Secant  ol  the  Reclination.  * 

Secondly,  Make  H  O  equal  to  H  N,  and  upon  O  as  a  Center  deferibe  the  ) 
Semicircle  PHD,  fo  is  the  Horizontal  Line  a  'Tannent  Line  thereto.'  < 

Thirdly, 
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Thirdly,  Obferve  where  the  Hour-line  of  12  cuts  the  Horizontal  Line, 
which  is  at  S  :  A  Ruler  laid  from  O  to  S  will  cut  the  Semicircle  in  Q,  at 
which  Point  begin  to  divide  the  Semicircle  into  (either)  16  equal  parts  for 
the  Points  of  tlie  Compafs,  or  (as  I  have  here  done)  into  1 8  equal  parts,  at  the 
Points  ©  ©  ©,  &c,  each  containing  10  deg.  as  ARronomers  account. 

Fourthly,  The  Semicircle  being  thus  divided,  lay  a  Ruler  to  Q,  and  eve-' 
ry  of  the  Divifions  ©  ©  ©,  &c,  and  where  the  Ruler  crolfeth  the  Horizontal 
Line,  make  Marks  or  *  ^  >i<, 

Laftly,  If  from  the  Point  V,  right  Lines  be  drawn  through  thefe  Marks 
or  ,  they  fhall  be  the  Azimuths  proper  for  the  Declining  Recli¬ 

ning  Plain. 


CHAP.  VII. 

Of  the  Almicanters,  or  Circles  of  Altitude,  and  how  to  infcrihe 

them  upon  all  forts  of  Plains , 

IN  the  Spliere,  the  Almkmters  or  Circles  of  Altitude^  have  the  fame  ha¬ 
bitude  or  relation  to  the  Az,imuth  or  Vertical  Circles^  as  the  'Parallels  of 
Declination  have  to  the  Meridians  or  Hour-circles :  And  therefore,  As  the 
Equinoclial  it  felf,  and  alfo  all  the  Parallels  of  Declination  in  a  Polar  Dial^ 
(as  Figure  I.)  are  perfeH  Circles.^  fo  are  the  Almicanters  perfeH  Circles  upon 
Horizontal  Plains. 

The  Infcription  of  thefe  into  all  forts  of  Plains,  is  (in  .a  manner)  the 
fame  with  the  Infcription  of  the  Parallels  of  Declination  :  Only,  whereas 
infcribing  the  Tropicks  and  Parallels  of  Declination ,  you  took  the  Hour- 
lines  out  of  your  Plain  and  put  them  into  a  Trigon  ;  fo  in  the  Infcription 
of  thefe,  you  mull  take  the  Azimuth  Circles  out  of  your  Plain,  and  put  therri 
into  a  Trigon,  and  from  thence  transfer  them  back  again  to  your  Plain  as 
you  did  the  other  :  And  therefore,  As  the  Hour-lines  *(in  the  other)  mud 
be  firll  drawn  upon  the  Plain,  fo  (in  this)  muft  the  Azimuths  be  firft  in- 
feribed  as  in  the  preceding  Chapter  hereof  was  fhewed  how  to  do :  And 
becaufe  thefe  Almicanters  are  fmaller  Circles  of  the  Sphere,  as  the  Tropicks 
and  Parallels  of  Declination  w'ere,  they  will  (by  the  ^d.  AffeHion)  alfo  be 
Conick  Sections  :  Now  the  manner  how  to  infer ibe  them  upon  all  forts  of 
Plains,  fhall  be  fhewed  in  this  Chapter. 

SECT.  I.  "Lijjon  Vertical,  or  Horizontal  P/a/nj. 

'T^Hefc  Plains  lie  Parallel  to  the  Horizon ,  and  have  the  Zenith  Point 
1  for  their  Pole,  fo  that  the  foot  of  the  Perpendicular  Stile  muft  be 
the  Center  upon  which  (  in  thefe  Plains )  the  Almicanters  muft  be  de¬ 
fer  ibed. 

For  the  Numeration  of  thefe  Circles ,  there  are  Two  ways  which  are 
moft  in  ufe.  The  one  is  according  to  Degrees  and  Minutes  of  Altitude ; 
the  other  according  to  the  Proportion  that  the  height  of  any  Upright  Objed 
bears  to  the  Shadow  of  it. 
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1.  By  Deg  Trees  and  Minutes  of  Altitude, 

The  Dial  being  drawn,  with  the  Equinoftial  and  the  two  T ropicks  upon, 
it  ( to  limit  the  reft  of  the  Work)  make  the  Perpendicular  Stile  of  the 
Dial  a  Raditrs^  and  upon  the  top  thereof  (  as  a  Center  )  defcribe  a  Semi¬ 
circle  (or  Quadrant)  then  will  the  Meridian  or  1 2  a  Cilock  Hour-line  be 

a  Tangent  Line  thereunto.- - -  Divide  this  Quadrant  into  90  'equal  parts 

or  degrees,  (or  into  each  5  or  10  deg.  which  may  be  fufficient )  arid  from 
the  top  of  the  Stile  draw  Lines  through  thofe  Divilions,  till  tliey  cut  the 
Meridian  of  the  Dial,  And  through  thofe  Divifions  upon  the  Meridian  Line, 
Circles  defcribed  upon  the  foot  of  the  Perpendicular  Stile,  fliall  be  the  Circles 
of  the  Sun’s  Altitude  when  the  Sun  is  fo  many  degrees  high  as  ybu  divided 
your  Quadrant  into  parts,  whether  every  or  any  other  number  of 

Degrees  of  Altitude. 

II.  Bj  the  Proj^ortion  that  Vpright  ObjeBs  bear  to  the  Length  of 

their  Sloadows, 

If  you  make  the  length  ofthe  Perpendicular  Stile  a  Radius^zs  you  muff  (al¬ 
ways)  do,  let  it  be  divided  into  10  for  rather  lood  equal  parts:  Then,  if 
you  take  the  whole  length  thereof  in  your  Compalfes,  and  fet  it  from  the  foot 
of  the  perpendicular  Stile,  upon  the  Meridian  Line,  and  through  that  point 
defcribe  a  Circle,  the  point  of  the  Shadow  of  the  Jpex^  or  top  of  the  perpen¬ 
dicular  Stile,  when  fat  any  time)  thattoucheth  that  Circle,  the  Shadows  of 
all  Upright  Objefls  fball  be  equal  to  their  Altitudes  or  Heights  —  Like- 
wife  if  twice  the  length  of  the  perpendicular  Stile  be  fet  upon  the  Meridian, 
from  the  foot  of  the  Stile,  a  Circle  defcribed  through  that  point,  when  the 
Shadow  of  the  top  ofthe  Stile  cometh  to  touch  that  Circle,  then  are  the 

Shadows  of  all  Upright  Objects  double  to  their  heights: - Likewife  if 

Once,  Twice,  Thrice  and  an  lialf,  the  length  of  the  perpendicular  Stile  be 
fet  upon  the  Meridian  Line  from  the  foot  of  the  Sti'e,  and  Circle,  defcribed 
through  thofe  points,  the  Shadow  of  the  Jpex  coming  to  touch  any  of  them, 
the  length  of  Shadow  fhall  be  equal  to  either  Once,  'Fwice,  'Phiice  and  an 
half  the  height  of  the  ObjeH: ;  Thefe  Circles  may  have  written  upon  them 
10,  20,  ^o,  40,  &c.  degrees  of  Altitude.  Or  JEqualis^  DupU^  Tripla^  &c.  An 
Example  of  an  Horizontal  Dial  with  thefe  Circles  defcribed  upon  it  you 
have  in  the  Ninth  Traclate  hereof.  Page  420. 

But  if  you  would  put  in  more  minute  parts  of  the  Proportion  of  ObjetTs 
to  their  Shadows,  you  muft  firlf  enquire  what  Altitude  the  Sun  muff  have  to 
make  the  Shadow  be  in  fuch  proportion  to  the  Objecl,  as  (hall  be  required ; 
and  to  find  that,  this  is  the  Analogy,  or  Proportion  :  For, 

As  the  parts  of  the  Shadow, 

Are  to  the  parts  of  the  Gnomon ;  or  perpendicular  Stile  ; 

So  is  the  Tangent  of  45  deg.  or  Radius, 

To  the  Tangent  that  the  Sun’s  Altitude  mufi  be,  to  make  the  Shadow  fo 
long,  as  fhall  be  required. 

« 

Example,  Suppofe  I  would  kmw  how  high  the  Sun  muU  he,  to  make  the  Shadow 
to  be  two  times  and  an  half  the  length  of  the  Gnomon  : 

The 
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The  Gnomon  or  perpendicular  Stile,  we  will  fuppofe  to  be  divided  into 
loo  equal  parts,  and  meafuring  the  Shadow  thereby,  you  find  that  to  be  550 
parts,  that  is  3  times  and  an  half,  the  length  thereof ;  Say, 

As  3  50,  the  parts  of  the  Shadow, 

Are  to  160,  the  Length  of  the  Gnomon; 

So  is  the  Tangent  of  ^  5  deg.  or  Radius^ 

To  the  Tangent  of  1 5  deg.  57  min.  1 2. 00000 

9.45593 

And  fuch  Altitude  muft  the  Sun  have  to  makethe  length  of  the  Shadow  to 
be  Three  times  and  an  half  the  length  of  the  Objeds,  height* 

And  according  to  this  Proportion  may  you  find  any  other  Proportional 
Parts,  the  moft  ufual  I  have  here  fet  down ,  with  their  Altitudes  ready 
Calculated. 
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Jfyou  wpuld  have  the  length  of  the 
Shadorv^to  be  in  proportion  to  the 
height  of  the  Objeii^  as 
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And  on  the  contrary,  If  you  would  know  what  Altitude  the  Sun  triull 
have  to  make  the  Shadow  of  what  Length  you  fhallDefire  ;  then  ufe  the 
following  Proportion :  ‘ 

t 

As  for  Example  ,  What  Altitude^muH  the  Sun  have  to  make  the  Shadotv  to 
be  5  times  the  Length  of  the  Gnomon  ? 

As  160,  the  Length  of  the  Gnomon; 

Is  to  the  Radius,  Tang.  4  5  deg. 

So  is  500  (the  Length  of  the  Shadow  required 


2. 06666 


16. 

2.69897 


12.69897 

To  the  Tangent  of  78  deg.  42  min.  1^6^% 

^  Whofe  Complement  is  1 1,  deg.  1 8  miti.  And  fuch  Altitude  muft  the  Sun 
have  to  makethe  Shadow  5  times  as  long  as  the  Gnoriiono  And  fo  of  any 
other  Length  ;  As  in  the  following  Table.* 

A  Tabu 
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A  Table  of  the  Proportion  that  the  Shadow  hath  to  the  Length  of  a 
Perpendicular  Gnomon ,  ufeful  for  the  inferting  of  fuch  Al- 
micanters  into  Sun-Dials. 


D  M 
I  f 


D  M 
45  o 


SECT.  II.  Vpon  Upright  Plains^  either  Dired:  or  Declining. 

UPon  all  thefe  Plains,  having  firfl:  infcribed  the  Tropkks^  EquinoBUty  and 
Horizontal  Line,  together  with  t\\Q  Azimuths^  proper  to  the  Upright 
• ,  Plain,  whether  it  be  DireS  or  Declining^- - Upon  the  foot  of  the  perpen¬ 

dicular  Stile,  erecl  a  Perpendicular  to  tlie  Horizontal  Line  of  the  Plain :  equal 

in  length  to  the  perpendicular  Stile  of  t!ie  Dial, - As  for  Example. 

Figure  In  the  Upright  Declining  Plain,  Figure  XI.  Upon  the  foot  of  the  perpen- 
XI.  dicLilar  Stile  at  A,  Ereft  the  Perpendicuiar  A  O  equal  to  A  B,  and  perpendi¬ 
cular  to  C  D,  the  Horizontal  Line  of  the  Plain,  - - Then  prepare  a  Trigor/y 

(as  under  the  fame  Figure  XL)  in  this  manner. 

Firfl,  Draw  a  right  Line  E  F,  and  upon  E  as  a  Center, deferibe  an  obfeure 
Arch  of  a  Circle  G  F  H,  on  both  Tides  of  the  Line  E  F,  becaufe  it  is  a  Decli¬ 
ning  Plain,  and  the  Azimuths  on  each  fide  of  the  foot  of  the  Perpendicular 
upon  the  Horizontal  Line  are  not  equidillant  therefrom,  (whereas,  if  it 
had  been  a  Dired  Plain,  one  half  of  the  Trigon  would  have  ferved  the 
turn)  into  thefe  two  Arches  F  G ,  and  F  H,  from  tlie  point  F,  by  help  of 
the  Scale  of  Chords.,  infert  fuch  Arches^  as  you  intend  to  put  Circles  of  Aitk 
tude  upon  your  Plain.  ,I  have  made  choice  of  thefe,  'viz.\of‘2.o,  ^0,40,  50 
and  60,  which  I  put  into  the  Trigon  from  F,  on  both  fides  thereof  to¬ 
wards  H  and  G,  at  the  Points  abode  and  /,  and  fo  draw  the  Lines  E  a, 
E^,  Ec,  E^/,  Ef  and  E/on  both  Tides,  fetting  the  Numbers' proper  to 
them  towards  the  ends  of  them  :  and  thefe  Ifines  I  fhall  for  the  liitui-e  call 
the  Lines  of  Altitude.  • 

Secondly,  Take  the  length  of  the  perpendicular  Stile  AB  (to  which  AO 
is  equal)  out  of  your  Dial ,  and  fet  it  upon  your  Trigon  from  E  to  M,  and 
through  the  point  M  draw  the  Line  ML,  perpendicular  to  E  F.  So  fliall 
the  Line  E  F  of  your  Trigon,  reprefent  the  Horizontal  Line  of  your  Dial, 


and 
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and  the  peppendicularLtne  L  M  that  Azimuth  or  Vertical  Circle  which  paffeth 
through  the  Foot  of  the  perpendicular  Stile  in  your  Dial. 

Thirdly,  Out  of  your  Dial-Plain,  from  the  point  O,  the  top  of  the  per¬ 
pendicular  Stile,  take  the  diftances  to  the  feveral  points  20,  50,40,  50,  60 
and  70  (that  Azimuth  or  VerticalCircles^  crofs  the  Horizorl- 

tal  Line  of  your  Plain  C  D)  on  the  Weft  fide  of  the  Dial,  and  fet  them  upoii 
tlie  Line  E  F  of  the  Trigon^  to  the  points  2,  5,  4,  5, 6  and  7,  on  the  Weft 
fide  of  the  Trigon^  and  through  thofe  points,  draw  right  Lines  (all  of  them) 
perpendicular  to  the  Horizontal  Line  of  your  Trigon  EF,  Petting  the  Num¬ 
bers  to  the  ends  of  thern  as  they  arenumbredin  the  Dial-plain,  viz.  20, 50, 
40,  50,  60  and  70  :  So  ftiall  thefe  Lines  20.  2 :  50.  5 :  &c.  be  the  Azimuth 

Lines  upon  your  Trigon. - In  the  fame  manner  deal  with  the  Eaft  Side 

of  the  Dial,  by  taking  the  diftances  from  O,  to  the  Ihterfe£lions  of  the  Azi¬ 
muths  with  the  Horizontal  Line,  Petting  them  from  E  to  g,  h^  i^k^  I  and  w, 
and  drawing  the  Azimuth  Lines  through  the  points,  &c,  on  your 

Trigon^  perpendicular  to  the  Line  E  F,  Petting  their  refpe6live  Names  or 
Numbers  to  them  at  the  ends  of  them. 

Your  Trigon  being  thus  prepared,  the  next  Work  will  be  to  transfer  the 
Lines  of  Altitude  from  the  Trigon  to  the  Plain^  which  to  do, 


Fourthly,  Suppofe  ,  I  would  transfer  the  Parallel  of  the  Sun*s  Altitutk 

for  50  deg.  from  the  Trigon  to  the  Plain :  - - Firft,  on  the  Weft  Side  : 

The  Parallel  of  50  deg.  of  Altitude  is  reprefented  by  the  Line  E  c  50^ 
(i.)  Obferve  where  the  Parallel  of  Altitude  crofteth  the  Azimuth  of  76, 
and  from  that  point  (2.)  take  the  diftance  to  the  Line  E  F,  which  diftance 
(5.)  fet  upon  the  Azimuth  Line  of  70  upon  your  Plain  from  70  to», 
Inall  n  be  the  point  upon  the  70^^-  Azimuth  of  your  Plain,  through  which 
the  Parallel  of  50  deg.  of  Altitude  muft  pafs :  In  like  manner,- 
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Then  a  Line  drawri  with  an  even  hand,  through  the'  points  H 6  pt^r  s  t  ^ 
w  X  y  z  A,  fo  that  it  make  no  Angles,  that  Line,  Po  drawn,'  fhall  be  the 
Parallel  of  the  Sun^s  Altitude  of  50  deg.  upon  yOur  Plain ;  And  the  like 
courfe  is  to  be  .taken  for  all  the  reft  of  the  Parallels  of  Altitude,  as  the 
Scheme,  Figure  XI.  will  better  inform  you  than  many  words; 
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SECT.  III.  Vpon  Eaft  and  Weft  Recliners, 
North  and  South  Declining  Reclining  Plains. 


as  alfo  upon- 


IN  thefe  Plains,  the  Meridian  of  the  Plain  (orSubftile)  and  the  Meridian 
of  the  Place  (or  PJoiir-line  of  1 2)  are  two  different  Lines  ;  Therefore  (as 
in  the  defcribingof  the  Parallels  of  the  Signs)  you  took  the  Subftile  or  Me¬ 
ridian  of  the  Plain,  for  1 2  a  Clock,  and  drew  Horizontal  Hour-lines  on  either 
fide  thereof,  to  facilitate  the  Work, (as  in  Chap.IL  Se[i.  IK  Fig.KlL)  So  for  * 
the  Infcription  of  the  Almicmters  or  Parallels  of  Altitude.^  take  the  Az^imuth 
which  is  perpendicular  to  the  Plain  (which  will  be  always  equal  to  the  De¬ 
clination)  and  equal  on  both  Tides  thereof  (from  the  foot  of  the  perpendi- 
lar  Stile)  fet  off  fuch  Azimuths  as  you  intend  (whether  points  of  the  Com- 
pafs  or  10,  20,  ^o,  &c.)  for  thefe  muft  be  drawn  obfcurely,  that  they  may 
may  be  wiped  out  again,  if  need  be. 

Figure  Your  Dial  being  thus  prepared  (which  is  a  South  Plain  Declining  deg. 
XIV.  Reclining  55  deg.)  with  xht  Horizon.,  Trcpicks.,  Equino^ial^  and  obfcure 
Azimuths]  as  in  Figure  XIIL  ^ix^avQSiTrigon  in  thus  manner. 

,  Firfl:,  Draw  a  right  Line  F  B,  and  upon  F  (as  a  Center)  defcribe  an  Arch, 
or  Quadrant,  of  a  Circle,  as  C  D,  and  upon  it  fct  fuch  degrees  of  Altitude  as 
you  have  a  mind  to  infcribe  upon  your  Plain  (I  have  here  made  choice  of  10, 
20,  ^0,40,  50,  and  60  deg.  of  Altitude,  and  therefore  fromF,  through  thefe - 

points,  I  draw  the  Lines  F  10.  F  20.  F  ^o.  F  4c.  F  50.  and  F  60.  - Then 

make  A  F  in  your  Trigon,  (Figure  XlV.)  equal  to  V  N,  in  your  Dial,  which 
is  the  Secant  of  5  5  deg.  the  Complement  of  the  Plain’s  Reclination,  and 
draw  the  Line  A  F  perpendicular  to  F  B. 

Secondly,  Out  of  your  Dial-Plain  Figure  XIII,  take  V  H  the  Axiso^  the 
•  Horizon,  and  puf  it  into  your  Trigon,  from  A  to  B,  and  draw  the  Line  A  B, 
and  that  (hall  be  the  Axis  of  the  Horizon. 

Thirdly,  Out  of  your  Dial-Plain,  (from  the  Point  V)  take  the  diftances 
to  the  feveral  Interfe6lions  that  the  obfcure  Azimuth  Lines  make  with  the 
Horizontal  Line,  2it  the  Points  10,  20,  50,  40,  50  and  60  from  H  the  Azimuth 
of  the  Plain,  and  fet  thofe  diftances  into  your  Trigon,  from  A,  upon  the  Line 

F  B,  drawing  the  Lines  F  B,  F  10,  F  20,  F  30,  F  40,  F  50  and  F  60.- - - 

And  now  your  Trigon  being  prepared,  you  may  eafily  infert  the  Circles  of 
Altitude  into  your  Reclining  Declining  Plain  1;  as  followeth. 

Fourthly,  To  inftance  in  the  Parallel  of  20  deg.  of  Altitude  from  the  Inter- 
feiftion  of  the  Line  of  20  deg.  of  Altitude  in  the  Trigon  with  the  Line  AB, 
take  the  diftance  to  A,  which  dilfance  fet  upon  your  Dial-Plain  from  V, 
upon  the  Line  V  H  of  your  Plain,  and  it  fhall  reach  from  V  to  a,  fo  lliall  a 
be  one  Point  upon  the  Vertical  Line  V  H,  through  which  the  Parallel  of  20 
deg.  of  Altitude  ihall  p^fs  — = —  Alfo, 
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Through  which  Points,  .if  you  draw  a  Line  with  an  even  hand,  fo  that 
it  may  niakemo  Angles,  the  lane  hgfedebabedef^  fo  drawn,  fhall 
be  the  Parallel  of  20  deg.  of  Altitude  upon  the  FUin  :  And  in  this  manner 
may  all  the  other  Far  Ms  of  Altitude  hz  inferibed  into  the  Flam  ;  As  in 
Figure  XIIL  Arid 

'  r 

Of  thefe  Circles  of  Altitude  inferibed  upon  a  Wefl  Reclinir/g  Flain^  where 
the  Azimuths  are  put  in  according  to  the  Foints  of  the  Compafs,  and  the 
Circles  01*  Parallels  of  Altitude  according  to  the  Proportions  of  Shadows 
to  their  heights,  you  have  an  Example  in  Figure  XIL 


CHAP.  VIIL 

Of  the  Domifying  Circles^  commonly  called  the  Circles  of  Pofi- 
tion^  and  how  to  inferibe  them  u^onall  firts  of  Plains. 

^  I  ^Hefe  are  Great  Circles  of  the  Sphere,  and  therefore- (^by  the L  Af- 
1  fe£lionj  they  will  be  ftreight  Lines;  Their  fituation  in  the  Sphere, 
is  at  the  common  interfeftion  of  the  Meridian  with  the  Horizon,  and  are 
reckoned,  according  to  the  Rational  way  of  Regiomontanus  fas  the  Afirolo^ 
gers  term  itj  from  the  Meridian  downwards  to  the  Horizon,  at  and 
60  deg.  which  with  the  Meridian  and  Horizon  are  the  Cufpis  of  the  Six 
Celefiial  Houfes  above  the  Horizon ,  fo  that  thefe  Circles  being  inferibed 
upon  any  Dral-plain,  it  may  be  known  in  which  of  the  Twelve  Houfes 
the  at  any  time  is ,  and  in  what  part ,  how  near  or  far  olf  of  the 
Cufpis,  They  are  Great  Circles  ( as  I  laid  before  )  and  their  manner  of 
iiifcription  is  very  eafie  ’  ^ 

SECT.  I.  Vpon  the  Horizontal  ^  direPl  Ea§l  and  IHeil  ^  and 

Ea§l  and  We§t  Reclining  Plains, 

I  Bring  all  thefe  forts  of  Plains  under  one  Head  for  this  Reafon,  becaufe 
in  all  thefe  Plains  they  are  Parallels,  as  the  Hour-lines  are  in  Eaftj 
Weft  and  Polar  Plains. 

I.  In  Horizontal  Plains,  Thty  are  thus.eafily  inferibed :  For,  if  through 
the  common  interfeG-ions  of  the  Hour-lines  of  VHI  and  X  with' the  Fqui- 
noGial,  you  draw  Lines  parallel  to  the.  Meridian, or  Hour-line  of  XEI, 
thofe  Lines  fo  drawn  fhall  be  the  Cufpis  of  the  XII  and  XI  Houfes, — = — 

'  The  Meridian  is  the  Cufpis  of  the  X  Houfe. - And  the  two  other  Lines 

di'awn  parallel  to  the  Meridian  through  the  inter  fcGions  of  the  Hour-lines 
of  II  and  ly  with  the  EquinoGial  fliall  be  the  Cujpis  of  the  IX  and' VIII 

Houfes- - And  laftly,  the  Ea-ft  and  Weft  parts  of  the  Horizontal  Line 

are  the  Cufpis  of  the  Firft  and  Seventh  Houfe. 

An  Example  of  an  Horizontal  Dial  with  thefe  Circles  inferibed  upon  it, 
you  have  in  the  Tenth  TraGate hereof, 226. 

2.  In  Eaft  and  Weft  Plains,  the  Circles  of  Pofition  will  be  Parallels  to 
the  Horizon,  as  in  the  Horizontal  they  were  to  the  Meridian  ;  And  the 

tnanrier  * 
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Figure  manner  how  to  infcribe  them  into  thefe  Plains,  is  thus.  Upon  tlie  Qua¬ 
il.  drant  QEL  Figui;fej^L  fet  38  deg.  28  min.  the  Complement  of  the  La¬ 
titude  from  E  toW^s  L,  and  laying  a  Ruler  from  Qto  that  point,  it 
will  cut  the  Hori:^llltal  Line  of  the  Plain  'mn^  fo  is  Q  the  Secant  Com¬ 
plement  of  the  I^alitiide,  which  muft  now'  he  made  a  Radhi^^  and  fo 
placed  from  the  p(|||^  E  ( the  foot  of  the  Perpendicular  Stile  j  upon  the 
Line  EG  extended, to  Q,.  that  it  may  be  perpendicular  to  the  Equi- 
noftial ;  fo  fhall  the  Equinc6fial  be  a  Tangent  Line  thereto,  and  thel'an- 
gent  of  30  deg.  fhall  give  the  point  0^  ai^l  the  Tangent  of  60  deg.  the 
point  /»  upon  the  Equino8:ial,  through  w'hich  points  0  and  />  tw^o  Lines  be¬ 
ing  drawn  parallel  to  the  Horizon,  they  fliall  be  the  Cufpis  of  the  XII  and 
XI  Houfes :  As  in  Figure  II. 

Upon  Eaft  or  Weft  Recliners  :  In  thefe  Plains,  the  Perpendicular 
Stile  being  made  the  Radius  ^  find  the  Secant  Complement  of  the  Stile’s 
height,  and  make  that  a  New  Radius;  So  fhall  the  Tangents  of  and 
60  degrees  fet  upon  the  EquinoH-ial  Circle  give  points,  through  which  to 
draw  tlie  Cufpis  of  the  Houfes,  which  muft  be  parallel  to  the  Meridian  or 
Horizontal  Line’  of  the  Plain. 

V 

SECT.  II.  Vpon  North  and  South  Plains^  both  Direci  and  De¬ 
clining^  Vpon  all  Dire^  North  or  South  Reclining^  and  upon  all 
North  and  South  Declining  Reclining  Plains. 

ON  E  general  Rule  will  ferve  for  the  infcription  of  thefe  Circles  into 
thefe  feveral  forts  of  Plains,  for  here  they  meet  in  a  Center,  which 
Center  is  the  Common  Interfeftion  of  the  Meridian  and  Horizontal  Line 
upon  the  Dial,  and  the  diftance  of  the  being  30  and  So  deg.  upon 
the  EquinoHial,  which  are  equal  to  the  EquinoHial  hour  diftances  of  8  and 
10,  and  of  2,  and  4  a  Clock  from  the  Meridian  ,*  therefore  you  have  no 
ilnore  to  do,  but  to  draw  right  Lines  from  the  Common  Interfeiftion  of  the 
Meridian  with  the  Horizon,  through  the  InterfeTions  of  the  Hour-lines  of 
2,  4,  8  and  10  a  Clock  with  the  EquinoQ:ial,  and  thofe  Lines  fo  drawn  fhall 
be  the  Domifying  Circles  required.  Examples  whereof  you  have  in  feveral 
Figures  belonging  to  this  Traclate. 

As  in  an  Equinoftial  Dial  Figure  IV,  where  the  Pricked  Lines  fhew 
the  Cufpifes  of  the  XII,  and  XI  Houfes,  the  Meridian  is  the  Cufp 
of  the  X.  And  the  other  two  Pricked  Lines  the  Cufpifes  of  the  IX 
and  VIII  Houfes. 

Alfo  in  a  Direci  South  Plain  in  Figure  V.  reprefented  by  the  Pricked 
Lines  in  that  Figure. 

Likewife,  in  a  Declining  Reclining  Plain ,  Figure  VII.  And 
Laftly,  In  a  South  Declining  Plain,  Figure  XI. 
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C  H  A  P.  IX.. 

Of  the  Meridians  of  other  Countries ,  and  how  to  infert  them 

into  any  Szin^DiaL 

IT  is  eafie  to  infert  the  Meridian  of  any  other*  Country  into  any  Sun-dial 
made  for  any  other  Country ,  if  fii'ft  you  know  the  difference  of  Longi¬ 
tude  between  the  two  Countries,  in  Time;  and  alfo,  whether  the  Remote 
Country  lie  Eajtward  or  Wejlrvard  from  the  Home  Country  :  For, 


i  clf  the  Remote  Country  lie  f  j^f^jijpard  i  Home  Country.,  it  is  Meri- 

dim  or  Noon-tide  ^  ill  the  Remote  Country  than  in  the  Home  Country, 

As  for  Examfle.,  Suppofe  that  in  a  Sun-dial  here  at  London,  I  would  infert 
the  Meridian  or  Noon-tideof  Confiantmopk.  By  the  Tables  of  the  lateft  and 
belf  Geographers ,  the  Meridian  of  Confimtinople  lies  Eajiward  of  the  Me¬ 
ridian  of  London,  30  deg.  45  min.  which  converted  into  Time  (by  allow¬ 
ing  1 5  deg.  to  one  hour,  and  i  deg.  to  4  minutes  of  time)  is  2  hours  and 
1 5  min.  that  is  2  hours  and  a  quarter.  Wherefore,  if  youfubftrad  2  hours 
15  min.  from  12  hours  fbecaufe  Confimtinople  lies  Eafiward  London)  the 
Remainer  will  be  9  hours  4  5  min.  or  ^  quarters  of  an.hour.  Wherefore,  if 
(upon  any  Dial  here  at  London,)  upon  the  Hour-line  of  9  and  ^  quarters,  you 
.write  the  Word  (or  make  fonie  mark  for)  Confimtinople,  the  Shadow  of^ 
the  Stile  of  the  Dial,  when  it  fhalhfall  upon  that  Word  ox  Mark,  you  may  • 

conclude  it  to  be  Meridian  ox  Noonflde  at  Confiantinople - and  knowing  [ 

at  what  time  with  Vs  it  will  be  Noon  to  Them,  it  is  eafily  known  what  hour  | 
it  is  there  at  any  time  here.  \ 

'  '  ■  i 
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In  fome  of  the  Dials  belonging 
to  this  TraHate  you  have  feveral 
Countries  inferred,  efpecially  in  the 
Declining  Reclining  Dial,  Figure 
VII. 

And  that  the  like  may  be  done 
for  other  Countries ,  here  follow- 
eth 
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A  Table 
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A  Table  of  Longitudes^  or  Difference  oV Meridians  in  Time^  of 
feveral  Eminent  Places  in  the  World  from  London. 


Places  lyings  Faff  of 

Difference 
in  Time, 

London. 

H. 

M. 

Paris  in  France 

o 

lO 

Amfierdam  in  Holland 

o 

21 

Copenhagen 

Stockholm 

0 

I 

49 

I 

Cape  of  Good  Hope 

I 

5 

Rome  in  Italy 

I 

6 

Venice 

I 

8 

Dantzick 

I 

i8 

Cracovia 

I 

20 

Conftantinople 

2 

15 

Caro 

2 

16 

Jerufalem 

2 

30 

Aleppo  in  Spain 

2 

40 

Mujeorv  — fluf/pio  nuirv: 
Bagdat 

2 

48 

? 

14 

Ifpahan 

I 

46 

Surrat 

$ 

6 

Fort  St.  George 

Agra 

Bantam  -  •  . 

5  . 

5 

30 

54 

7 

1 

Peking 

I 

51 

Nangefagne 

32 

ledo 

9 

16 

Places  lying  Well  of 
London. 

Difference 
in  Time, 
H.  M. 

Edenborough  in  Scotland 

% 

0 

.2 

Madrid 

0 

16 

S.  Helena  Inf. 

0 

^0 

Dublin 

0 

26 

Tanger 

0 

29 

Madera 

1 

18 

Tenarif 

I 

22 

Cape  Faretvel 

3 

15 

C.  Raze 

3 

16 

Surinam  ^ 

3 

42 

Barbadoes 

3 

53 

Bermudas 

4 

14 

Bofton  in  New  England 

4  ' 

40 

New  Fork 

4 

58 

Port  Royal 

5 

4 

Jame‘*s  Town 

5 

12 

Careleton  Inf, 

5 

18 

Charleys  Town 

5 

44 

Mexico 

6 

47 

New  Mexico 

8 

5* 

P.  Sir  Francis  Drake 

9 

r 

It  may  be  now  expefted  I  fhould  here  further  fliew  how  fome  other 
Aflronomicd  and  Geographical Concluftons  might  be  inferted  into  Sun-dials; 
As  the  Signs  Afcending\  Defcending  and  Culminating  ;  The  Horizons  of 
Other  Countries,  See.  But  I  do  here  purpofely  omit  them,  for  that  in 
the  Ninth  Tratlate  hereof,  the  manner  how  to  inferibe  fuch  Furniture^ 
not  into  Regular  Plains  only ,  but  into  Irregular  alfo ,  as  into  Concave,  , 
Convex,  or  mixt  of  both,  is  treated  of  at  large :  And  fo  I  conclude  this 
TKACTJTE.  "  ^ 

I 


The  End  of  the  Fourth  TRACTATE. 
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HOW  THE 


SUN-DIALS. 

May  be  Infcribed  upon  all  Sorts  of  Plains  ,  by 

the  Scales  of 

N  A  T  U  R  A  L  , 

TANGENTS  and  SECANTS i 


The  Fifth  T  R  ACT  AT  E. 

^ — - - - - - - ■ 

V  RO  E  M  E. 

By  the  Scales  of  Chords,  and  Natural  Tangents  and  Secants,  thejR«« 
ler  mentioned  in  the  Firft  Tra£late,  Page  Figure  IL  All 
FV  RN  IT  V  RE  may  be  infcribed  upon  all  forts  of  Plains  •  but 
as  they  are  there  Graduated  upon  a  Strait  Ruler,  they  are  only 
ferviceable  to  that  Radius  to  which  the  Scales  are  made.  But  being  (as 
in  the  forementioned  1 5th.  Page  is  intimated)  put  upon  a  Senior,  with  art 
opening  Joynt,  they  will  be.  applicable  to  any  propofed  Radius,  as  in  the 
performance  of  almoft,  all  the  Work  in  this.'Tra&te  it  will  be  required 
fo  to  vary. 

And  further  note,  That  if  a  Line  of  Equal  Parts  (which  Mv, Gunter,  de- 
fervedly,  calls  the  Line  of  Lines^  be  alfo  put  upon^uch  a  Joynt-Ruler  it  will  y 
by  the*  help  of  xhtTables  of  NaturalTangents  and  Secants  (brief  ones  whete- 
of  follow  in  the 'next  Tractate)  fupply  the  ufe  of  the  forementioned  Scales^  ^ 
, and  in  many  Cafes  much  better,  efpecially  when  the  Tangents  ov  Secants  of 
many  degrees  (as  above  7  o,  &c,}  are  required  to  be  laid  down  upon  any  Line. 
I  thought  good  to  give  intimation  hereof  in  this  place,  becaufe  of  the  fre¬ 
quent  ufe  that  will  be  made  of  thefe  Lines  or  Scales  for  many  purpofes 
hereafter  fignified* 


CHAP. 


f 
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CHAP,-,-!.-  . 

t  Of  Proportioning  of  the  St  He. to  the  Plain. 

T^Orarmuch  as  by  the  Eighth  J ffecfi  on  I.  of  the  foregoing  Tra- 

date,  it  is  not  the  wliole  Stile  or  Axis  of  the  Dial  that  gives  the  Shadow 
to  ilieie  Parallels^  Jzimuths^  &c.  But  fome  onQ^Point  therein  affigncd ;  good 
confidcration  therefore  ought  to  be  taken  ,  that  that  Point  be  fo  chofen, 
that  it  m'aycontinue  cafting  its  upon  the  DiU-^lain  ^  as  long  as  con¬ 

veniently  may  be,  and  not  taken  at  fo  largea  diftan^efrom  iX^^Center  of  the 
Dtal^  as  to  calf  its  Shadow  off  of  the  FUin^  fo  that  the  Lines  drawn  there¬ 
on, i  will  be  of  no  ufe,  the  Apex  wliich  fliould. point  to  them,  -being  remote 
from  them,  and  cafiing  its  Shadow  upon  fomeotlier  befides  the  Plain — • 

On  the  contrary,  ibis  Point  ought  not  to  be  chofen  lb  near  the  Center  of  the 
Dial  fo  that  the  Lines  cr  Sell  ions  drawn  upon  the  Dial  fhall  run  lb  near  (or 
be  crowded)  together,  that  at  any  competent  difiance  of  place  they  cannot 
be  difcovered.  Therefore,  x\\2it  thus  Point  ht  judicially  chofen^  obferve 

^  ihoXlo  Direcl^ans.  ,  .  '  , 

4.  If  your  Plain  be..fma]],  .conndeCNVhethef  jtb^  and 

if  Declining^  whether  mnch  or  little  from  iho  South  ox  North  Points. 

If  the  Plain  be  Direct^  tlte  Sahlhle  may  heft  be  placed  in  tho  middle  of 
the  Plain ;  Ihit  if  It  do  decline^  'then  let  .the  SubfiiU  be  fet  on  that  Side  or  part 
which  is  oppofite  to  thfe  CodH  othcs-  Declination y  i.  e.  •  ' 

■Il'the  P/.««dedine{  VaH  I®'"’'" 

The  Subfiile  well  placed  and  room  left  about  the  Edges  of  the  DiaL 
plain  for  the  Figures  belonging  to  the  Hour-lines  to  Hand,  divide  the  remain¬ 
ing  part  of  the  Plain  ffrom  the  Center  to  the  lower  Margin)  into^two  parts ; 
fo,  as  that  part  next  the  Center  of  the  Dialy  may  he  the  Tangent  of  the  Com¬ 
plement  of  the  height  of  the  Stile  above  the  Plawy  (or  of  the  new  Latitude^ 
ashy  Affection  VI.  Chap.  I.  of  the  Fourth  Trait  at  eh^ottgoiugl)  And  the  other 
parr,  the  Tangent  Co/nplernent  o^  thebV/';«i  Meridian  Altitude  y  in  the  begin¬ 
ning  of  that  Tropick  which  is  remotest  from  the  Center  of  the  Dial,^ - - 

Now  the  Radim  (oxTangento^  which  is  proper  to  thefe 

fliall  be  the  length  of  tlie  Perpendicular  6V/7^,  and  is  to  be  placed  in  the  Point 

hi DivifioniuxLvt  Subfiile y  and  mull  hand  Perpendicular  thereunto. 


CHAP.  II. 


Of  the  infmbtng  of  the  Parallels  of  the  Sun’s  Courfe  in  the  be¬ 
ginning  of  each  Sign  of  the  Zodiack ;  or  of  the  Parallels  of  the 
Sun’s  Courfe  when  the  Day  is  either  ju§l  8,  9,  10, 1 1, 1 2, 1 3, 
145  15  or  16  hours  long. 

\  Sign  is  the  Twelfth  part  of  the  ggdiacky  and  fo  contains  juft  30  deg. 
/f\.  and  fo  the  Sun  pafling  about  one  of  thefe  degrees  in  a  Day,  the  di- 
ftance  between  the  beginning  of  the  Sun^  entrance  into  one  Sign^  and  his 
continuance  therein  to  his  entrance  into  the  next,  is  about  3  o  days. 


A 
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A  Parallel  ("according  to  the  general  acceptation  j  is  the  Sun’s  Diurnal  nio^ 
tion  day  by  day;and  forafmuch  as  there  are  47  deg. between  the  TropicksythQVQ  ‘ 
may  be  defcribed,  upon  a  hirg^  Dial-flain  fo  many  Parallels,  But  although 
there  are  47  of  thefe  Parallels ,  yet  in  this  our  Latitude  of  London^  being  5 1 
deg.  30  min.  we  do  ufually  account  (or  make  ufe  of  in  Sun-Dials)  only  Nine^ 
and  thofe  are  they  which  do  make  the  Day  from  the  Surds  Riling  to  his  Setting 
to  bejai/,  and  eciually^  either  8, 9, 10, 1 1, 12,  i  14, 1 5  or  16  hours  long. 

The  defcription  of  thefe  Parallels  of  the  Sutds  Courje(  or  Diurnal  Arches)  and 
of  the  Sun*s  entrance  into  any  of  the  Signs  of  the  ^diack^  is  effefted  by  the 
fame  Artifice;  and  for  the  effe£fing  hereof,  due  refped  mufi:  be  had  to  the 
Sun's  place  in  the  Xgdiack^  and  what  Altitude)^^  fhall  have  at  all  hours,  when 
he  enters  into  fuch  a  Sign  of  the  Xodiack^  or  when  his  Diurnal  Arch  fhall  be 
either,  8,  9,  i  o,  1 1,  &c,  hours  long. 

•I 

Now  if  you  would  infcribe  the  of  tht  Surd s  C our fe  at  his  entrance 

into  each  of  the  12  youmuftfirft  prepsire  a  Table  of  the  Sun^s 

Altitude  at  all  hours  of  theD47(and  of  halves  and  quarters  alfo  if  you  will) 

And  fuch  a  Lahle  I  have  here  inferred,  the  making  whereof, with  feveral 
other  of  the  like  nature  fhall  be  fliewed  in  the  EnjuingT radiate. 


^  Table  JJyewing  what  Altitude  the  Sun  Jhall  ha^e  at  his  Entrance 
into  any  of  the  1 7  Signs,  at  all  Hours  of  the  Day,  In  the  Meri¬ 
dian  or  Latitude  of  London,  5 1  deg,  50  min. 


Hours 

Cancer 

Leo 

or 

Gemini 

Viroo 

0 

or 

Taurus 

Libra 

or 

Aries 

Scorpio 

or 

Pifces 

Sagittar, 

or 

Aquarius 

Cafric, 

' 

d. 

m. 

d. 

m. 

d. 

m. 

d. 

m. 

d. 

m. 

d. 

m. 

d. 

m. 

12 

62 

0 

58 

A2 

I 

.5P 

0 

38 

30 

27 

1 

r8 

18 

15 

0 

1 1 

1 

59. 

4^ 

56 

34 

48 

12 

3^ 

58 

25 

40 

17 

6 

13 

52 

10 

2 

5^ 

45 

50 

55 

43 

12 

32 

37 

21 

51 

38 

ib 

30 

9 

? 

45 

42 

43 

6 

0 

26 

7 

15 

58 

8 

12 

5 

15 

8 

4 

41 

34 

13 

27 

31 

18 

,  8 

8 

33 

I 

15 

7 

5 

27 

17 

24 

18 

18 

9 

*7. 

0 

6 

6 

18 

1 1 

15 

40 

9 

0 

0 

o' 

5 

7 

9 

32 

6 

50 

4 

8 

I 

?2 

• 

> 

T'his  Table  being  thus  CoBedied^  you  are  to  note,  that  in  all  dire£l  Horizon-^ 
tals^  thQ'Perpendicular  «S^/7^  being  made  Radius. (pv  the  Tangent  of  45  deg.)  the 
Tangent  'Complement  the  Suns  height^  (in  any  Sign  of  the  Xsdiack,  or  in  any 
Parallel  of  the  Day^s  length)  at  any  hour  of  the  day,  being  fet  off  from  the  foot 
of  the  Perfendicular  Stile^  upon  its  refpeftive  Hour-line^  will  give  a  Pointy 
upon  that  PZt?«r-//>f,through  which  that  Parallel  (whether  of  the  Signs  of  the 
Dafs  length)  fhall  pafs. '  And  this  Work  muft  be  repeated  fo  often  as  are  the 
number  of  Parallels  to  be  inferred,  and  the  Hour-lines  do  require ;  and  thus 
doing,  -  you  fhall  have  Points  enough  in  each  Hour  to  draw  any  Parallel  by. 

As  thus  for  EXAMPLE:  Let  it  be  required  to  find  Points  in  the  re- 

<  P  p  fpedive 
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fpeftive  Hour-lines^  through  which  the  Farallel  of  the  Suns  Courfe,  at  his  en¬ 
trance  into  either  of  thefe  Signs,  Scorpio  or  Pi/ces  fhall  pafs.- - Repair  to 

the  former  f'ahle,  where  you  fhall  find,  that  the  Sun  being  in  the  beginning 
o^cithQ^'O^  thok  Signs,  Scorpio  ov  Pi  fees, 

d.  m.  d,  m. 


f  — 

27 

oL 

62 

59- 

I 

II 

Of  the  Clock  ^ 
to  he 

25 

40 

64 

20 

His  Altitude  at  < 

2 

10 

Or  9 

21 

15 

58 

IVhofe  Comple¬ 
ment  is 

68 

74 

9 

2 

■ 

4 

8 

8 

L? 

• 

81 

27 

l5 

7. 

0 

6^ 

J>9 

54 

Then  having  a  Sell  or,  take  in  your  Com  pa  fifes  the  length  of  the  Perpendi¬ 
cular  Stile  of  your  Dial,  and  to  that  diftance  open  the  Sellor  in  45  deg.  of  the 
Tangents,  and  the  SeBor  fo  refiing,  take  62  deg.  59  min.  therefrom  (which  is 
the  Tangent  Complement  of  27  deg.  i  min.  the  Sunf  Altitude  at  12  a  Clock) 
and  fet  that  difiance  from  the  foot  of  the  Perpendicular  Stile  upon  the  Line  of 
12,  and  that  fihall  be  the  there,  through  which  the  of  Scorpio 

and  Pifees  fhall  pafs. - -  Alio  take  from  the  Sector  the  Tangent  of  64  deg. 

20  min.  (the  Complement  2*5  deg.  40  min.  the  Altitude  at  1  or  1 1  a  Clock) 
and  fet  that  diilance  from  the  foot  of  J.ie  Perpendicular  Stile  upon  the  Hour¬ 
lines  of  1 1  and  I  a  Clock,  and  thole  lhall  be  the  Points  through  which  your 
Par  add  is  to  pafs. 


da 

r68 

Take  likervife  Tangent^  7  4 
of  '  )8i 

<189 


m. 


10 


^9  And  fet  them  from  the  foot^'^ 

of  the  Perpendicular  Stile and  2 

^'l\  upon  the  Hour-lines  of  /j; 

54J  ^  C5  7 


t 


So  they  fhall  give  Points  upon  each  refpe^five  Hour-line,  through  which 
the  Parallel 0^  Scorpio  and  Pifees  muft  pafs  :  And  a  Line  traced  with  an  e'ven 
handthvow^i  thole  Points  fhall  be  the  Paralleloi  the  Sun's  Courfe  at  fuch  time 
as  he  enters  Scorpio  or  Pifeesn  and  the  Apex  or  Top  of  the  Perpendicular  Stile 
fhall,  at  that  time  of  the  year,  by  his  Shadow  exadlly  traverfe  this  Line  or 
SeBion,  And  in  the  fame  manner,  as  the  Points  for  this  Parallel  were  found, 
and  its  Line  drawn,  fo  muft  all  the  reft  be  drawn  alfo. 

Now  generally,  in  Vertical  Dials  Declining,  as  alfo  in  fuch  as  Pecline‘‘e\k, 
that  is  to  fay,  upon  all  Plains  whatfoever,  (as  is  intimated  in  the  Sixth  Affe- 
aforegoing)  draw  2in  Horizontal  Dial  ^ro'^r  kv  Plain,  and  infenbe 
the  Signs  or  the  Parallels  of  the  Length  of  the  day  upon  it,  according  as  is  be-  j 
fore  dire8;ed,  by  fetting  off  the  Tangent  Complements  of  the  Sun's  Altitude 
from  the  foot  of  the  Perpendicular  St  He, tx^oii  xho  Hour -lines  (the  Perpendicu¬ 
lar  Stile  being  always  made  Radius)  and  at  the  ends  of  thefe  Tangents  lb  fet 
off  upon  every  refpe8:ive  Hour-line,  will  be  a  Point,  by  which  Points,  Lines 
drdwn  with  an  even  hand  lhall  be  the  Parallels  delired.  This  Horizontal  Dial 
being  drawn  in  ohfeure  or  occult  Lines,  when  the  Work  is  done  may  be  ex¬ 
punged,  and  the  true  Hour -lines  belonging  to  the  Plain,  as  alfo  the  Parallels  of 
the  Sun's  Courfe  before  found,  may  only  remain,  for  they  will  be  the  la  me,  as 
if  they  had  been  drawn  from  the  proper  Hour-lines  belonging  to  the  Plain. 


Note,  In  the  following  Trablate  there  are  Tables  Calculated  for  tlie  ready 
deferibing  of  obfeure  Horizontal  Dials  upon  all  Plains,  and  alfo  Tables  of 

the 
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the  Suif^s  Altitude  at  all  hours  (indiverfe  Latitudes.)  And  an  Example 
of  an  Horizontal  Dial  with  the  Tropicks  oi  Cancer  and  Capricorn  you 

have  mtht  NM  Trafiate.,  Page  220- - Alfo  you  have  an  Example 

of  an  Ered  Direft  Eaft  Dial,  with  the  Parallels  of  all  the  1 2  Signs  upon 
it,  in  Chap.  2.  Pag.  1 1 5  and  1 1 8.  Figure  II.  of  the  Fourth  Traliate ;  And 
two  other  Examples  of  Plains  with  the  Parallels  of  the  length  of  the 
day  upon  them ;  One  is  a  Polar  Dial ^  f  igure  L  the  other  is  a  South  Dial, 
Figure  IX.  of  the  Fourth  Tractate. 

-  -  -  -  -  -  -  ■  ^  -  -  --  -  ■  ■  -  . 

•  / 

/c  H  A  P.  III. 

Of  infcribingthe  Vertical  Circles,  (  commonly  called  Azimuths  ) 

"  upon  all  forts  of  Plains* 

I 

A^muths  are  great  Circles  of  the  Sphere.,  whofe  Poles  lie  in  the  Horizon^ 
and  do  interfeft  each  other  in  the  Zjenith  and  Nadir  Points  of  the 

Heavens - —The  .whole  Horizon  is  divided  by  Mariners  into  ^2  equal 

Parts  or  Points,  which  they  call  Winds  or  Points  of  the  Compafs  and  deno¬ 
minate  them  by  North.,  N  by  W.  N  N  W.  &c.  every  Point  containing  1 1 

degrees  and  a  quarter - - This  is  their  way  of  accounting,  but  the  Account 

ufedby  Afironomers  and  Geographtrs  is  more  natural,  and  that  is  by  10,  20, 

30,  40  degrees,  &c.  to  90  deg.  from  the  Meridian^  both  ways,  towards  the 
EaH  and  WeH. 

How  to  infcribe  thefe  into  Dial-Plains, 

S  E  C  T*  I.  In  Horizontal  Dials, 

'"T^Hefe  Plains  lying  parallel  to  the  Horizon,  and  thefe  Azimuths  being 
I  Great  Circles yhty  (hy  the  i .  Affeflion )  being  Projected  upon  fuch  Plains 

he.ZQme.Streight  Lines,  and  (by  the  2.  Affe^ion)  becaufe  iPlains  lieP^r- 
pendicular  to  thefe  Circles,  in  the  Heavens,  thefe  Lines  projeded,  (hall  all  meet  , 
in  a  Center  at  equal  Angles  (wdiich  Center  is  the  foot  of  the  perpendicular 

Stile.) - Wherefore,  making  the  foot  of  the  perpendicular  Stile  the  Center 

defcribe  thereon  a  Circle  upon  the  Dial-Plain,,  and  thereon  fet  off  (both  ways) 
from  the  Meridian  fuch  Arche  s,F].t\\tx  1 1  degrees  and  a  quarter  for  Points  of  the 
Compafs,  or  10,  20,  50,  40,  &c.  dQgvces^ox  thQ  AJlronomical Account  upon  the 
Horizon  ;  Through  thefe  Diviftons,  right  Lines  being  drawn  from  the  foot  of 
the  perpendicular  Stile  fhall  reprefent  thefe  Azimuths  upon  the  Plain, 

An  Example  of  an  Horizontal  Dial  with  the  Azimuths  upon  it  according 
to  the  Mariner^s  Account  by  Points  of  the  Compafs,  you  have  in  the  Ninth 
Tradatefollowing,  220. 

SECT.  11.  In  Vpright  South  or  North  Dials, 

^1  "^Hefe  Plains  lying  Parallel  to  the  Vertical  Circles  in  the  Heavens,  are  (hj 
1  the  2.  Affection)  right  Lines,  parallel onQ  to  the  other.  And  to  infcribe 

them  into  thefe  Plains,  you  muft - Through  the  Foot  of  the  perpendicular 

Stile,  draw  a  Line  Parallel  to  the  Horizon,  and  making  the  perpendicular  Stile 
a  Radius  ( or  Tangent  of  4  5  deg.)  U pon  this  Line  from  the  Meridian  ( on  both 
Tides)  fet  off  the  Tangents  of  ii  deg.  and  a  quarter,  22  deg*  and  a  half, 
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for  Fornts  of  the  Compafs,  or  the  Tmgems  of  lo,  20,  30  deg.  &c.  which  heft 
liketh  you, - Now,  if  through  thefe  points  you  draw  right  Lines  perpendicu¬ 

lar  to  the  Horizontal  Line  they  will  be  all  of  them  parallel  one  to  another,  and 
atfo  parallel  to  the  Meridian  or  1 2  a  Clock  Line  of  the  Dial,  but  at  unequal  di¬ 
fiances  one  from  another,  according  as  the  Tangent  Line  increafes ;  And  thefe 
Lines' thus  drawn,  fhall  be  the  Azimuth  Lines  proper  to  thofe  Plains.  ■ 

An  Example  of  a  Direft  South  Dial  with  Azimuths  drawn  upon  it,  you 
have  in  Figure  V.  and  a  Dired  Eaft  Dial  with  Azimuths  you  have  in  Fi¬ 
gure  11.  of  the  Fourth  Tractate. 

SECT.  III.  In  V eitical  (or  Upright)  Declining  Plains. 

V 

TH  E  Azimuth  Lines  here  are  alfo parallel  one  to  another, and  muh  be  in¬ 
ferred  in  all  refpcQs  as  in  the  former  Plains.^  from  the  Meridian  of  the 
Plain  (if  you  will)  or  from  the  Meridian  of  the  Place  but  then,  juft  allowance 
muft  be  m.adefor’the  Difference  §f  Meridians or  (which  is  all  one)  for  the 
Difference  of  Longitude  between  the  Meridian  of  the  Plain  and  the  Meridian 
of  the  Place. 

An  Example  of  a  South  Declining  Plain,  with  Azimuths  drawn  upon  it 
you  have  in  Figure  IX.  of  the  Fourth  Tradate. 

SECT.  IV;  In  Declining  Reclining  Plains. 

^  I  E  Perpendicular  Stile  being  chofen,  and  made  the  Radius  (or  Tangent 
£  of  4  5  deg.)  Take  the  Tangent  Complement  of  the  Plain’s  Reclination.giu6. 

fet  it  from  the  foot  of  the  perpendicular  Sttle.f.o  tht  Meridian  of  the  PlaceyWhich 
point  fhall  determine  the  Kenith  of  the  Place  upon  the  Plam,  through  which 
point,  and  the  Foot  of  the  perpendicular  Stile  (which  is  the  Zenith  of  the  Plainf) 
a  right  Line  drawn  fhall  be  perpendicular  to  the  Horizontal  Line ,  and  fhall 
(when  drawn)  concur  with  the  Equator  in  the  Hour-line  of  Six  (if  you  have 

not  committed  fome  former  error.) - Now  therefore ,  if  from  the  Foot 

of  the  perpendicular  Stile,  upon  this  Perpendicular,  you  fet  off  the  Tangent  of 
the  Plaints  Reclination,  a  Line  drawn  from  the  end  thereof  at  Right  Angles 
unto  it,  that  Line  (fo  drawm)  fhall  be  the  Horizontal  Line,  upon  which  Line^ 
the  Tangents  of  ii  and  a  Quarter,  22  and  a  ha\£,&c.  for  Points  of  the  Com- 
pafs,  or  of  10,  20,  30,  &c.  degrees  (xLq  Secant  o£ tht  Plaints  Reclination  being 
now  made  Radius')  being  fet  from  the  faid  right  Angle,  Lines  drawn  from 
them  to  the  Zenith  of  the  Place,  fhall  be  the  Azimuths  required,  — —  And 
becaufe  thefe  Declining  Reclining  Plains  do  lie  obliquely  to  the  Azimuth  or  Ver¬ 
tical  Circles  in  the  Heavens,  therefore  (by  the  former  2.AffeItion)  though  they 
be  Strait  Lines,  and  do  meet  in  one  Center,  namely  in  the  Zgnith  of  the  Plain, 
yet  do  they  meet  at  unequal  Angles, 

The  Examples  in  the  Fourth  Tra8;ate  of  Reclining  Plains  with  Azimuths 

defcribed  upon  them  are- - (i.)  A  Polar  Plain ,  Figure  1. - (2.)  An 

Eafl:  Reclining  Plain, Figure  XII.- - And  (3.)  A  DecliningRecIining  Plain, 

Figure  XIII. 

Note  here,That  if  the  diftance  between  the  Meridians'  be  known  upon.the 
Horizontal  Line,  the  Azimuths  which  were  accounted  from  the  Meri¬ 
dian  of  the  Plain,  may  befitted  to  Account  as  from  the  Meridian  of  the 

Place,  with  eafe. - For,  Let  the  diftance  be  the  Tangent  of  the  20 

deg.then  that  Azimuth  which  is  10  dcg.from  the  oneys  10  deg. from  the 

ether 
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other  alfo;  And  that  which  is  30  deg.  on  the  fame  fide  of  the  Sub- 
ft  He  is  I  o  deg.  on  the  other  fide  of  the  Meridian  of  the  Flace,  The  like 
is  to  be  obferved  for  any  other  diftance. 


CHAP,  IV. 

Of  infcribing  of  the  Almicanthar ,  (commonly  called  Circles  or 
Parallels,  of  the  Sun’s  Altitude)  upon  all  forts  of  Plains. 

ALmicanthers  or  Circles  of  Altitude  ^  are  leffer  Circles  of  the  Sphere^  and 
therefore  (by  the  ^.JffeHion)  being  defcribed  upon  ?Lny  Plain  which 
lies  not  parallel  to  the  p{oriz.on  of  the  Place  btcomcConick  SeHions-^ — Thefe 
Almic anthers  may  not  improperly  be  called  Parallels  Declination  from  the 
Horiz,on^  they  having  in  all  refpefts  the  fame  Habitude^  Relation  or  AjfeHion  to 
the  Horizon^  which  the  Parallels  of  the  Signs  or  of  the  Sun'^s  Courfe  have  to  the 
Eo[uinoHial^  to  which  they  are  Parallel,  And  therefore  (as  in  the  defcribing 
of  the  Signs  or  Parallels  of  the  days  length )  An  Horizontal  Dial  proper  for  the 
Plain^  being  fuff  (obfcurely)  delineated,  as  was  ('in  the  II.  SeAion )  fhewed, 
that  the  Points  through  which  the  Signs  or  Parallels  fhould  pafs  upon  every 
hour,^  might  be  obtained  by  applying  the  Tangents  of  the  Complements  of  the 
Sun^s  height  at  thofe  hours  in  thofe  P  arallelsy  the  foot  of  the  Perpendicular 

Stile  upon  tlie  refpe^live  hours  to  which  thofe  Altitudes  did  belong. 

Now  to  find  what  Altitude  the  Sun  fhall  have  he  being  upon  any  Azimuth^ 
fliall  be  hereafter  taught  in  theenfuingTradate,  where  feveral  Tables  there¬ 
of  are  Calculated  for  divers  Latitudes ;  Notwithffanding,  I  will  here  infert 


A  Table  fhevoing  xohat  Altitude  the  Sun  fhall  have  in  the  be^ 
ginning  of  each  Sign,  upon  every  Tenth  Azimuth. 


Azimuth 

Cancer 

Getnini 

or 

Leo 

Taurus 

or 

Viro  0 

0 

Aries 

or 

•Libra 

or 

Scorpio 

Aquar, 

or 

Sagitt, 

Cap 

ric: 

d. 

m. 

d. 

m. 

d. 

m. 

d. 

m. 

d. 

m. 

d. 

m. 

d. 

m. 

South 

62 

0 

58 

42 

50  . 

0 

38 

50 

27 

0 

18 

18 

15 

0 

10 

61 

45 

58 

24 

49 

38 

5^ 

4 

26 

50 

17 

45 

14 

25 

20 

60 

5i 

57 

28 

48 

55 

5^ 

46 

25 

9 

16 

5 

12 

41 

59 

52 

55 

52 

46 

40 

54, 

54 

22 

27 

15 

15 

9 

45 

40 

57 

20 

55 

29 

45 

55 

51 

21 

18 

48 

9 

14 

5 

54 

*  V 

54 

5 

50 

12 

40 

II 

27 

5 

15 

58 

3 

57 

0 

6 

60 

49 

50 

45 

5? 

55. 

25 

21 

41 

8 

0 

70 

44 

40 

40 

25 

29 

27 

15 

15 

1 

0 

80 

1 1 

55 

46 

21 

29 

7 

52 

Ea.  or  W, 

lo 

,26 

16 

14 

25 

b 

100' 

22 

27 

18 

• 

2' 

6 

45 

' 

no 

14 

14 

‘9 

58 

120 

6 

54 

2 

50 

Q  q  Your 
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Yon^Tahle  being  thus  prepared,  and  your  Did  obfcurely  drawn,  You  arc 
to  make  ufeof  that  Azimuth  which  is  perpendicular  loyouvFUm  (which in 
all  Plains  is  that  wliich  palTeth  through  the  Foot  of  the  Perpendicular  Stile') 
but  all  the  other  Azimuths  alfo  being  infcribed  obfcurely,  the  Tangenfs  Com- 
plement  of  the  Sun's  height  above  the  Plain^  wjien  he  is  in  any  Azimuth^  ap¬ 
plied  from  the  foot  of  the  Perpendicular  Stile ,  upon  the  refpeft ive  Aztmuth 
gives  a  Pointy  through  which  that  Almicanthar  or  Circle  of  Altitude  upon  that 
Azimuth  mu  ft  pafs. 

An  Example  of  an  Horizontal  Dial  with  the  Almicanters  or  Circles  of  Al¬ 
titude,  (as  they  are  proportioned  to  the  height  of  Perpendicular  Objefts  ta 
their  heights)  you  have  in  the  Ninth  TraQiate,  Page  220.  And  another 
(viz.  an  Eaft  Reclining  Plain  )  with  the  like  Circles  of  Altitude  upon  it  you 
have  in  Figure  XII.  of  the  Fourth  Traftate ;  And  upon  a  South  Declining 
Plain  in  Figure  XL  of  the  Fourth  Traftate;  And  laftly,  upon  a  Declining 
Reclining  Plain  in  Figure  XIII.  of  the  fame  Fourth  Tradate. 


C  H  A  P.  V. 

Of  the  Babylonilh,  Italian  and  Jewifh  hours ,  and  how  to'  de- 

fcribe  them  upon  Sun-Dials. 

I  Do  couch  thefe  three  under  one  Head  or  Table  for  that  the  manner  of 
their  Infcription  into  Sun-Dials  is  much  after  the  fame  manner,  and  be¬ 
ing  they  are  Hour-lines,  fo  Great  Circles,  and  therefore,  being  defcribed  upon 
a  Plain,  they  become  by  (the  firft  Ajfeclion)  Strait  Lines. 

SECT.  I.  For  the  Babylonifh  hours. 

TH  E  Babylonijh  hours  are  accounted  the  equal  hours  from  the  Sun's  Rifing, 
for  at  what  time  foever,  at  all  times  of  the  year, the  Sun  appears  or  riles, 
above  the  Horizon,  that  is  the  firft  m  inute  of  their  day.  Thele  Hour-lines  may 
be  infcribed  upon  any  Plain  by  help  of  thofe  two  Parallels,  which  do  fliew  the 
Longed  and  ShorteH  Days,  confifting  of  equal  or  entire  hours  in  length  in  any 
Latitude,  as  here  in  the  Latitude  of  London  5 1  deg.  ^  2  min.  the  floortefi  day 
Confifting  of  Equal  hours  is  that  day  that  is  juft'8  hours  long,  and  the  Longed 
Day  in  that  Latitude  is  that  which  is  juft  16  hours  long*.  By  help  of  the  Pa¬ 
rallels  of  the  Sun's  Courfe  for  thefe  two  days,  and  the  Equinodial,  all  the  Baby-t 
lonifi  hours  may  be  drawn  upon  any  Plain  in  manner  following. 

It  is  evident ,  in  this  Lati¬ 
tude ,  that  when  the  day  is  8 
hours  long,  the  Sun  rifes  at  8  of 
the  Clock  in  the  Morning,  then 
at  9  a  Clock  the  Sun  hath  been 

up  One  hour - When  the 

day  is  12  hours  long,  the  Sun 
rifes  at  6,  and  at  7  a  Clock  it 

hath  been  up  juft  One  hour- - 

When  the  day  is  .1 6  hours  long, 
the  Sun  rifes  at  4  of  the  Clock, 
and  at  5  it  hath  been  up  One 
hour ,  Wherefore  to  draw 
the  Babylonilh  hours  obferve  this 

■  lable 


b3  ^ 

O  r 
2.^ 


^  * 


Length  of  the  Day 

» 

8 

12 

\6 

hours 

hours 

hqurs 

I 

9 

7 

5 

13 

2 

lb 

8 

6 

14 

r  2 

3 

1 1 

9 

7 

IS 

^  3 

4 

12 

10 

8 

i6 

i^-s 

n-  'r  it 
C3  <a  H- 

5 

I 

1 1 

9 

17 

t:*.  S  t . 
2  Co  ^ 

6 

2 

12 

10 

18 

1 

8 

:> 

4 

1 

2 

1 1 

12 

§  ^  7 
5.  8 

P 

.  s 

3 

I 

21 

^  P 

10 

6 

4 

2 

22 

II 

1 

5 

3 

23 

II 

Of  SUN-DIALS. 

Table - If  you  draw  a  ftrait  Line  through  the  hour  9  in  the  Parallel  of 

8  hours,  through  the  hour  7  in  the  Parallel  of  1 2  hours,  and  through  5  in  the 
Parallel  of  16  hours,  that  right  Line  (for  foit  will  prove  to  be,  if  you  have 
committed  no  former  error  in  the  reft  of  your  work)  fhall  be  the  FirH  Bahj- 
lomjh  hour.  Again,  * 


J  Lwedrmm  through ParMcf 
the  hour  of  C  6  ^ 

And  fo  of  all  the  reft  as  in  the  Table  above. 


0  -V 

^  Shall  be  the  Second  Baby* 
lonifh  hour. 


»  * 

Note.,  That  in  Jjfmter  time, when  the  Parallel 8  hours  fliall  fail,  the  other 
two  Points  of  5  in  the  Parallel  of  12  and  of  ^  in  the  Parallel  of  16  will 
ferve  to  draw  the  feventh  hour  from  Sun  becaule  they  be  ftrait 

Lines.  And  after  Six  hours  are  drawn,  you  (hall  find  the  Equinoctial 
(or  Parallel  of  1 2  hours)  will  fail  you,  wherefore,  fome  other  Diurnal 
Arch,  as  of  9  or  10  hours,  muft  be  inferted  to  fupply  that  defed. 


SECT.  II.  For  the  Italian  Hours, 


E  Italian  hours  arc  accounted  from  the  preceding  Sun  tor/>^,and  are 

£  numbred  by  1,2,  3,'  4,  &c.  from  Sun  Setting - To  inferibe  thele 

hours,  the  fame  two  Parallels  of  8  and  16  hours,  as  alfo  the  Equinoctial  or 
Parallel  of  1 2  hours  \\ull  ferve  to  inferibe  them,  and  alfo  the  fame  Points  in 
the  fame  Parallels, and  the  former  Table  will  ftiew  you  through  what  3  Points 
each  hour  is  to  be  drawn - For  a  right  Line  drawn 

Through^  ^  i^  the  Parallel  of  \2^Shall  be  the  hour  of  One, 

Likewife,  (obferving  the  fame  order  as  before) 

CEP  C^^? 

Through^  ^  ^ F4r^//6’/ 1 2  '^Shall  be  the  25^  hour. 

The  Night  hours  9,  ic,  ii,&c,  are  \ht  Morning  hours  produced. 


An  Example  of  a  Direft  South  Dial,  with  both  th.Q  Babjlonifb  2.nd  Italian 
hours  upon  it  you  have  in  Figure  X.  of  the  Fourth  Tradate.  And  alfo  fome 
of  the  fame  upon  a  Polar  Dial,  Figure  I.  and  all  of  them  upon  an  Equinoftial 
Dial,  Figure  IV.  of  the  Fourth  Traftate. 


SECT.  III.  For  the  Jewifli  Hours. 

I 

IT  was.  the  Cuftpm  of  the  Ancient  Jem  to  divide  their  Day ,  as  alfo  their 
Night  (whether  long  or  foort)  into  1 2  equal  parts ;  beginning  their  at 
Sun  Rifing, ^nd  their  Night  at  the  Sun*s  Setting,  lo  that  our  1 2  of  the  Clock  at 
Noonf^dtS  always  their  Sixth  hour  of  the  Day,2inSi  our  1 2  at  Night  was  always 
their  Sixth  hour  of  the  Night,  and  according  to  this  Divifion  were  their  Dials 
made ;  So  that  all  Summer  long,  when  the  Surl  is  in  Northern  Signs,  the  Jewifh 
hours  of  the  Day  are  longer  than  their  hours  of  the  Night )  and  all  the  Winter, 

while 
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while  the  Sun  is  in  the  Six  Southern  Signs ^  the  hours  of  their  Night  are  longer 
than  the  hours oi their  Day ;  But  when  the  Sun  is  in  the  EquinoUial^  the  hours 
of  their  Day  and  Night  are  Equal,  and  the  fame  with  all  other  Nations. 

The  manner  of  infcribing  thefe  Hour-lines  into  Sun-Dials  is  not  much  diffe¬ 
rent  from  the  infcribing  of  the  Babylonifh  and  Italian  hours. 

Wherefore,  having  drawn  the  true  Hour -line Plain,  with  the 
Elalf  hours,  and  Quarters  (which  in  this  cafe  is  necelfary  to  be  done)  defcribe 
thereupon  alfo  th^TwoTrogicks,  and  the  EquinoBial ;  Which  being  drawn, 
Make  choice  of  two  Parallels  of  the  length  of  the  day,  which  mufi:  be  either 

of  them  equidiftanc  from  the  Equine- 
Bial  on  either  Side  thereof,  which  let  be 
the  Parallels  of  9  hours,  and  15  hours, 
one  being'  ^  hours  lefs  than  1 2  hours, 
and  the  other  2  hours  more  than  1 2.  In- 
feribe  (obfcurely)  upon  your  P/^/>  thefe 
two  Parallels  of  9  and  1 5  hours  (they  be¬ 
ing  the  moll:  convenient  for  this  purpofe) 
becaufe  the  Jeivifi  hourswiW  fall  fin  thefe 
X.woParallels)]\Fi\\y  upon  the  hours, halves 
and  Quarters  of  the  common  Hour-lines, 
and  fo  will  the  Jervi/lo  hours  (by  that 
means)  be  the  eafier  drawn.  .  Now  the 
Points  through  which  every  one  of  the 
JemJh  hours  mull  pafs,  this  little  Table 
plainly  fheweth,  wherein  you  may  fee, 
that  the  Firfl  Jewi/h  hour  mull  be  drawn 
through  5  hours  45  min.  for  5  hours  ^ 
quaiters)  in  the  parallel  of  15  hours, 
through  7  hours  in  the  EquinoBial,  and 
through  S  hours  1 5  min.  (or  S  hours  and 
a  quarter)  in  the  Parallel  of  9  hours ;  This  Line  thus  dra>vn  through  thefe 
3  Points,  fhall  be  the  EirB  Jemfh  hour. 

In  like  manner,  a  Line  drawn  through 
h,  m,  '  h. 


Jewifli  hours. 

The  Paral¬ 
lel  of  15 
hours, 

H  M 

W 

c 
*  • 

a 

0 

• 

The  Paral¬ 
lel  of  9 
hours, 

H  M 

I 

5 

45 

7 

8.  15 

2 

7 

0 

8 

9  0 

8 

15 

9 

9  45 

4 

9 

30 

10 

10  30 

5 

10 

45 

II 

II  •  15 

6 

12 

0 

12 

12  0 

7 

I 

15 

I 

0  45 

8 

2  ' 

SO 

2 

I  50 

9 

1 , 

45 

S 

2  '  15 

10 

5’ 

0 

4 

S  0 

II 

6 

15 

5 

S  45 

12 

7 

SO 

6 

4  ’  SO 

7  o?  .  05; 

8  o^ln  the  Parallel  of<  1 2  >Shall  be  the  Second  Jewifh  hour. 

9  o;  <-  9J 

And  fo  all  the  reft,  as  in  the  Table,  Our  12a  Clock  being  their  Six  a  Clock, 
'  and  the  reft  in  order  from  Sun  Rijing  to  the  Sun's  Setting, 

An  Example  of  an  Upright  Declining  Plain ,  with  the  Old  Unequal  or 
"^evpijh  boots  upon  it,  as  alfo  of  all  the  Parallels  of  the  da^s  length  at  equal 
hours,  you  have  in  Figure  IX.  of  the  Fourth  Tra6late. 


The  End  of  the  Fifth  TRAC  TAT  E. 


t 


I 


A 


t  itS' 

Tutmituve  : 
X 


At  the  &id of  tlje  Tflh  TraSta.te 


> 


J  I)ircct  South.  Diall  with  tts'Furnitur& 


(Z) 


Ti 


vr 


N 


A 


'  M  • 
■  \ 

■Jt 


*■ 

■f 


'•  T 


To 


V  I 


»  i  : 

v  • 

\ 


■  :!?r; 

;  i 


. 

\ 


•  \ 


.  ••  k  « 


i  "I  ' '  r'^ .  '  --  "-/A  , ' .  A 


.'  A 


P. 


.,-,s  -  -  _ 

^  n;  .  •  .‘■.'v  ,.vf^  •  ^  : 

A--  ,:.>A*. ;  A  '■  ■■  f;  -'  ■'■  '  . 

■*'-••  '  .  ..  ■,  ‘i  ■  '  *■  ^  .' ,  j 

.  '  -  ..■  ■  ”Vri-A>, .  ‘  '  •  •■  ;  '  -^  ‘■ 

■V  "'-v*  •>  ■:, '.’^?v  .■  ■  ■' A 


\ 


7 

■? 


''  ’  .'i- '  A'"**'  ‘■'' 

'  V  •  •  ♦  •  "^  *  *■ 

■-  /  ■ 


■>. 


.  VI 


•  ■  .  -t  'I  '  V  A 
»  •  '  i  •  i  1 

JL  I  •  .  i  ^  *  'S 


_(  . 
/  / 


.  >1 

**  .  ’■ 


>  ;.A , 

•  •■• 

W,  ;■ 


f. 


( 


■■■{ 


i 


•A 


/ 


/ 


1 


n 


« Jt 


\  .#4  » 


[ 


1  , 


I,  • 


f 


r4.\ 


r- 


t. 


I  - 


■  i 


It 


i,  ' 

L  ■-•.  -  ,  ...jt  V  /  „  .«■  . 

.  '• .  .  .V 


'  *:.  i<  ■>  '•  'v  '* 


.1 


:i 


.  !  t 


p.T 


,  i 

L-(  T*  •  '  '•.■  .  ■  '  ■'  '•,-■>*  .  v.  • 

'■  1  -  •■■^'•-‘  ■  1  ■  .  ■■■  '  •  \  i^'  ■■  '-  '  ' 

■1  i  ■'  C  -.^  r  '  .T^-  - 


'  \  /  '  ■  ■  (  \ \  ■ 
•  v\,^ 


-A 


k:’/^  I- 


^  -SLJ 


/ '1 


*  i  .<,. 


!■•  1  ■ 


>!  1 


' '  u 

'  .  /  ^  :  I 


<->•.  i"  ■ . . -.4 i.'V''''.r^-\  '  i  ■'  X  .  .j..  -  i 

P  '  'A-  r-i-''  IA  L:^J--r-^-T*' F^! 

:  :■  \;  -  V.- '*[  %.  -! 

,  i  ii'-j-  I-  ',  ',  4 — v-  V:.,-  ;  ! 


?• 


•  f 


? 


,  \  i  ■-•I  .'V  ■'  i*- 

•  *1  /  .  ■  i  \  I  .  »  « _ \  .  ,  i  •»•  »»  .  *. 


•  :.::-^:''l'>'^.  . ■  .>f '  A-Cv '-i  ' i'  '\  '^■'^  ■■■■(%  j. :  l.:  - '.' 

••‘A  /'.  A  F  ‘X.A' 

.:  y-j-p--  :y.‘.^'il'y:k  ■ -*■  ..\  '^■.  .".X  v  iXl'  ' 


i  'A  pf'  \ 


:I 


./::jUX  .’■■.A-iX.;-'/.".  :  ._A_^ . 


r‘  ,1 
' »  . 


- :- 


X  ■  .;,L.. 


n 

.i 


"A  -■*■ 


, '  ■ 


;  ■■■■  !^- 
.  i 


• 


■I  <• 


It  y 

<r'"'  .'  iA:'  ■•  . 

A'  •'•■>  ■  :  '  ^ « X .  ■' 

'  ■  •"/■■  ■  ‘  'X  \X  ■,, 

• .  *1-^  I  •  ^  •■?-  .'•■  .  •  :  V- '  \  "■  •'* 

^  Al.  .  .  w  ■'  :  X’. 

I  ■■  '■■r  '-  y  . 


'.  >' 


-I .  *  ..'t  . 

-;X  '<•'; 


t'.  -  '  •  1-  ./lA'-;-  '  \  's  A'  '..,  •AVs.V’^til' '  .:U,-  . 

!  X/,A  .  .  '-A'/  •  '■  ‘V  «  .  ■' 


*  i  .  !.  J  -  ^ 

•’  ^4 

'•  /i 


■•  I  •’'  !  ."X  /  A’>X‘-  '  -vA  y  ■  •■., 

, .  - \yyL.  X/A A\  •'i..'',i-.,. .  '  •-■•  '*v 

J>"  /,  -■■  /  A  'A  A  aa\>  x*-.-  I  . 

■  X  /  ^  ■ -A"'  f  v-  A  '  '‘  -. 

;  ;.  V-  'K-  -VX.  ^  >Aa--X-' 


X'  a-'^ax/ :':ix  vAr^-’ •  i‘ A 

'  '  X' f  lA/^  A'  , '.v  /v  \,_;  /  A  V . .  A-jr '  '.  X  ■•!,'  •  fi.  'v  ■'  '■■•.: 

;  '  ''-'■l  i'A-  zbz  '  ■  I /.  '  V  X  V  V  '"^X  X:  r  X  !vX/'.  ,-r7  •''X 

,  ■  -y.  •  ■  ■  ’  \  '  ' ._  '  ;  :>  ti  ■ 


'  .'/C‘  •'  ■’■'  ’ 


:V 


•  ll 


4  il 


f  I* 


7 


*-  ( 


.4.' 


I 


\ 

\ 


'v- 


f  ;  'V 

..i.  ,^-...-.- 

r  x  i>7  .  )  ’ 

r  -  -  .  ,  ^ 


V 


>••  ■ '  ’■• 


;i.’ 


'  V  # 


A  AX 

X 


\-  'P 

t  vvxaw  - 


f  ITJf. 


5  ’  .' .  V.  < 


'i 


1 

I 

'.?■' 


t$ 


\  . 


/  i-ivv'- -  •' 


TDLthLLr 


am  m^itnmq 

iviUi  Its  ^J^rniture . 


lire 


m 


VI  VI  VIE 


SUPPLEMENT 

To  the  Two  Foregoing 

TRACTATES 

«> 

Concerning  the  Form  of  the  FARALLELS 


OF 


DECL  IN  ATIO  TV and  ^Z.  TITUDE 

And  other  LINES  of  the  FVRNITVRE 

SUN-DIALS. 


Which  when  they  are  neither  Right  Lines  nor 

Arches  of  Circles^  but  Conkk  SeSions^  to  know  at  any  Time^ 
and  upon  any  Flain^  what  SeSion  the  Shadow  of  the  Ap^z 
or  Point  of  the  Gnomon  traceth  out  upon  the  Plain^  whether 
it  be  Parabolical^  Hyperbolical^  or  EUipticah 

Having  in  the  two  foregoing  Tra£lates  taught  feveral  ways 
how  to  iofcribe  the  Farailels  of  the  Su»‘*s  Courfe^  the  Az>imuws^ 
Alrnicmthars^  Babylonifl}^  Italian  and  JerviJh  hours  upon  all  DiaU 
PlainSy  as  being  things  of  moft  frequent  ufe,  yet  in  the  following 
IXth.  Traftate,  is  fhewed  how  Dial-plains  may  he  furnifhed  with  other 
Varieties, as  of  the  Signs  Afcending^  Defending^  and  Culminating^  the  Horizons 
of  other  remoter  Countries,  2iCidi{e.^ex2XciX\\exGnomonicalCon6lufions, 

Having,  I  fay,  there  fhewed  the  manner  how  to  infcribe  the  foremen- 
tioned  Spherical  Lines  of  the  Sun^s  Courfe  upon  Dial-plains  ;  It  remains  now 
that  I  fliould  fay  fomewhat  concerning  the  Form  of  thefe  ParaHels  when' 
they  are  defcribed  upon  Dial-plains^  which,  when  they  are  ml  Circles^ 
or  Strait  Lines  ( as  under  the  Poles  )  they  are^all ,  and  always ,  Conick' 
SeBions  ^  as  is  demonftrated  by  Mydorgius  ^  in  the  ^i[,Pro'p,  of  his  Bdok^ 
But  to  pafs  by  his  Demonjirations  (as  not  at  all  proper  for  this  place^  this 
being  a  Book  of  PraBice  and  ‘not  fo  much  of  Demonfir  at  ion)  it  lhall  be  here 
fhewed,  how,  at  any  time,  or  place,  it  may  he*  known  w’hat  SeBio}^  the' 

R  r  Shl^cfW 
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Shadow  of  the  Afex  or  top  of  the  Gmmn  traceth  out  upon  any  DuUfUzn ; 
And  although  this  be  not  abfolutely  necelTary  for  the  DuUiH  to  know, 
for  without  the  knowledge  herepf  he  may  make  and  finifh  his  Dial ,  as 
hath  been  already  taught.  '  '  •  ' 

For  the  Illuft ration  of  the  Nature  of  thcfe  Farallels  of '  Altitude  ^  and 
the  Coarfe  upon  Dial-flains ;  I  (hall  deliver  Three  brief  Rules^  which 
are  proved  by  Aquilomus  in  the  Z]d  Prop,  of  his  Sixth  Book  6f  Opticks^ 
which  Rules  follow. 


R  U  L  E  f. 

"  When  the  Sun  is  in  any  Parallel ,  if  the  Plain  of  the  Dial  he  Parallel  to 
a  Great  Circle  of  the  Sphere ,  tvhich  toucheth  the  Parallel ,  and  the 
oppofite  thereunto,  the  Projelfion  of  the  Shadow  of  the  {had be  a 
PARABOLA. 

RULE  11. 

If  the  Dial-Plain  be  Equidiftant  to  a  Great  Circle  which  cuts  the  Pa¬ 
rallel  ,  and  the  oppofite  thereunto ,  the  Shadow  of  the  Apex-  runs  in 
an  HYPERBOLA. 

RULE  III. 

If  the  Dial-plain  he  Equidiftant  to  a  Great  Circle  ,  tvhich  neither  Touch¬ 
eth  nor  Cutteth  the  Parallel,  the  Shadow  of  the  Apex,  or  Top  d?/ 
the  Perpendicular  Stile  ( for  fo^  ts  meant  all  this  while  )  fljall  trace  out 
anELLlPSJS. 


For  lUuflration  of  the  Three  foregoing  Rules,  have  recourfe  to  the~ 

following  Figure. 

But  fir  ft  it  will  be  requifite  to  acquaint  you  with  a  CONE,  and  tlie 
feveral  SeUions  thereof.  , 

Firft  then,  A  CONE  (as  it  is  defined  by  Euclide  in  the  i8th.  19th. 
and  20th.  Definitions  of  his  Eleventh  Book)  is  a  Figure  made,  when  one 
Side  of  a  Refit  angled  Triangle  (viz.,  one  of  thofe  that  contain  the  right  An¬ 
gle^  YQtnaxmng  fixed ,  thQ  Triangle  is  turned  round  about  ^  till  it  return  to' 
the  place  from  whence  7it  firft  moved.’  And  if  the  fixed  right  Line  ,  be 
to  the  other,  which  containeth  the  right  Angle,  the  Cone  is  A  right 
Angled  Cone ,  but  if  it  be  lefs ,  it  is  an  Ohtufe  Angled  Cone  :  if  Greater ,  an 

Acute  Angled  Cone  — - -  The  Axis  of  a  Cone,  is  that  fixed  Line  about  V'hich 

the  Triangle  is  moved  - — The  Bafe  of  a  Cone,  is  the  Circle  which  is  defcri- 

•  bed  by  the  right  Line  moved  about.  » ' 

Figure  i*  this  Figure,  Let  A  B  X  C  reprefent  a  Cone,  then  the  Cone  cut  off  a 
I,  Line  O  P  parallel  to  the  Bafe  A  B,  the  Section  fo  cut  fliall  be  a  Circle. 

2.  If  the  Cone  be  cut  off  by  a  Line  K  G,  parallel  to  the  Axis  of  the  Cone  A  X, 

'  the  Section  fo  cut  off  fliall  jje  an  Hyperbola. 

If  the  Cone  be  cut  by  a  Line  F  D,  parallel  to  any  of  the  Sides  of  the  Cone,^ 
fas  F  D  parallel  to  A  Bj  the  Section  fo  cut  off  fhall  be  a  Parabola. 

4.  If  the  Cone  be  cut  obliquely  through  the  Axis  3.ndS\dQ<,  as  by  the  Line 
N  H,  the  Section  fo  ait  off  lliall  be  an  EHipfs. 


Wherein 


or  SUN-DIALS. 


Wherein  the  outward  or  primitive  Circle  W  N  E  S,  reprefents  fhe  Getter d  Figure 
Meridian  of  the  Globe,  ^  ^  II, 

N  and  S,  the  Point  of  Zenith  and  Nadir, 

WE,  Tht Jiorizon, 

E  P,  51  deg.  3  2  min.  the  heighth  of  the  North  Vole ,  or  the  Latitude  of 
London, 

'  PQ,  llh.t  Prime  Vertical  Circle,  Axis  dt  t\itWorld, 

P,  I'he  North,  and  Q,  the  South  Poles, 

.&  T,  The  Equinoclial  or  Equator, 

”C  L,  The  Ecliptick,  , 

C  Y,  and  X  L,  The  two  Tropicks, 

B  D,  An  intermediate  North  Parallel  of  the  Suri^s  Courfe  or  Declination,  '' 

I.  Now  from  the  Scheme  it  is  evident,  that  the  Horizontal  Dial  for  the 
Latitude  of  London  51  deg.  32  min.  being  equidifiant  to  the  Great  Circle,  or 
Horizon  W  E,  which  cuts  the  Tropicks^  and  all  the  Parallels  between  them, 
as  that  of  BD,  or  any  other,  is  ^according  to  the  FirftKa/^j  fuch,  that  the 
Shadow  of  tliQ  Apex  of  the  Stile  fhall  thereupon,  all  the  y^r  long,  trace  out 
Hyperbolas  ;  but  of  different  kinds,  as  the  Plain  fhall  cut  {QvevsLl Parallels^ 
more  or  lefs  unequally. 

II.  But  if  a  Dial  were  made  parallel  to  the  Ecliptick  C  L,  which  only  touche 
eth  the  Tropicks  (and  doth  not  inter  feci  or  cut  them)  the  Shadow  of  the  Apex 
thereupon,  when  the  Sun  is  in  the  Tropicks,  fhall  trace  oift  Parabolas, 

III.  If  a  Plain  were  equidifiant,  not  to  the  Eqtsator  JE  T,  but  to  fome  other 
Plain  as  M  K,  whofe  Great  Circle  neither  Touches  any  of  the  Parallels,  nor  Cuts 
them,  the  Shadow  of  the  Apex  of  the  Stile  there,  fhall  always  trace  out  fome 
Ellipfis,  but  not  always  the  fame ;  but  lej[er  as  the  Sun  or  his  Parallel  ap- 
proacheth  nearer  Equator ,  greater  inj:hofe  Horizons  which  make 
more  acute  Angles  with  the  Equator  ;  until  (at  laft)  the  Horizon  W  E,  and 
the  Equator  N  T,  become  co-incident ;  And  then  the  Projeblion  of  the  Sha-^ 

dow  made  by  the  Apex  of  the  Stile  fhall  trace  out  a  perfeft  Circle, - 

Likewife  let  the  Horizon  be  howfoeyer  fituate,  if  the  Sun  be  m  no  Parallel, 
but  in  the  Equator  it  felf,  the  Projection  of  the  Shadow  made  by  the  Apex  of 
the  Stile,  fhall  be  a  right  or  fir  ait  Line, 

I 

I  fhall.  not  here  infert  the  Demonfiratlon  which  Aquilonius  ufeth  to  prove 
thefe  three  Ponies,  but  endeavour  to  make  it  plain  enough  otherwife. 

L  The 
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I.  The  Sun  being  in  the  Southern  Si^^ns ,  fuppofe  the  dark  Cone  C  A  Y  in 
North  Latitude^  to  be  cut  by  a  Plain  C  A  Y,  through  the  lArt ex  at  A,  per- 
pendicular  to  the  Center  oi  the  Bafi  of  the  Cone^  it  gives  the  Ih-iangle  C  A  Y 

for  the  fiat,  and  under  Superficies  of  the  Semi-Cone  CAY - New  let  r  o 

(which  is  drawn  with  a  full  Line')  be  the  Horizon^  or  Dial-Plain ^  (for  every 
Dial-Plain  is  parallel  to  fome  Horizx)n  or  other,  as  is  before  intimated)  and 
let  it  be  equidifiant  to  C  A  ,  then  the  Common  Seclion  r  o  fwhich  while  the 
5fl/;isinthe  Troptek'^)  diftinguifhetli  (or  rather)  feparateth,  thQ  Light 
from  the  Darknejs ;  Js  by  the  general  Definition  of  a  Cone.  - - A  Semi-Para¬ 

bola  in  like  fort  might  be  proved,  if  the  Sun  were  in  any  other  Parallel,  as 
fuppofe  in  the. Parallel  B  D ,  for  fuppofing  the  pricked  Line  r  o,  to  reprefenc 
tLe  Dial-Plain,  parallel  to  BA,  the  fame  Conclufion  follows,  from  the  faid 
general  Definition  of  a  Cone.  ' 

II.  Let  the  Dial-Plain  be  R  O,  parallel  to  the  great  Circle  or  Horizon  W  E,  ' 
which  cuts  the  Parallel  C  Y  in  ©,  then  (by  the  faid  Definition  General)  the 
Common  Station  R  ©,  which  that  day  feparates  the  Light  and  Darknefs  upon 

•  . ;  the  Plain ,  is  a  SemLHjperbola,  — —  Or ,  if  inftead  of  the  Semi-Cone ,  one 
conceive  the  Section  of  the  Cone,  through  the  Vertex  and  Axis  to  be  the  plain 
Triangle,  CAY,  and  R©  2i  right  Line,  to  be  only  the  Diameter  of  the  Se¬ 
ction,  the  thing  is  the  fame,  the  Section,  (by  the  2.  Definite  of  the  Third 
of  Mydorgius)  is  an  Hyperbola. 

III.  Laftly,  (to  avoid  confufion  of  Lines,  and  multiplicity  of  Schemes)  Let 
the  Sun  be  in  the  Northern  Signs,  and  X  A  L  the  dark  Cone,  and  Z  L  the  Dial- 
Plain,  in  South  Latitude ;  equidifiant  to  the  great  Circle  M  K,  which  neither 
cutteth  nor  toucheth  the  Parallels ;  it  is  evident,  that  Z  L,  or  any  Line  equidi¬ 
fiant  to  M  K,  fhall  cut  the  Triangle,  X  A  L,  made  from  a  Sett  ion  from  the  Ver¬ 
tex  as  before,  in  both  the  Sides  X  A,  and  L  A,  and  is  therefore  (by  the  ^d.  of 
the  3^.  Definition  of  Mydorgius)  the  Diameter  of  an  Ellipfis,  or  {hy  the  general 

Definition  of  a  Cone)  it  is  half  an  Ellipfis - And  fo,  any  other  Line  parallel 

to  ZL,  2iX\.di greater  than  X  L,  is  the  Diameter  of  a  greater  Ellipfis,  or  rather, 
an  Ellipfis  of  a  greater  Cone,  which  might  be  made,  by  producing  the  Lines 
A  X  and  A  L  at  pleafure. 

This  that  hath  been  here  delivered  is  (I  hope)  proof  fuflBcient,  for  what 
hath  been  faid  of  this  matter,  and  I  hope  enough  to  make  it  intelligible. 


The  End  of  the  SURRLEMENT. 
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'  Of  divers  Kinds^ 

Calculated  for-  feveral  Elevations  of  'the  Po/^  (or 
Latitudes)  Very  ufeful,  and  really  fubfervient  to 

the  ART 

O  F 
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JT  • 


THE  WHICH 

With  the  TABLE  of  Natural  SINES^  TANG ENTS^ 
and  SECANTS^  (hereunto  annexed)  and  a  SCALE 
(ov  SeSor  rather)  having  Equal  Parts  upon  it ;  The  PaMels 
of  the  Sims  and  TiurnaL  Arches ,  the  Azimuths^  Almicanters^ 
the  jervifi,  Italian  and  BabjloniJh  Hours,  and  other  FV  R- 
N I T  T  R  E  may  eafily  (and  more  exadlly  than  by  any 
other  Means)  ’be  infcribed  upon  all  Dial-Plains  whatfoeven 


the  SIXTH  TRACTATE. 
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A  TABLE,  lliewing  what  Declination  the  Sun 
lhall  have,  he  being  in  any  Degree  of  the 
Ecliptick. 


Northern  Signs. 


u4} 

■ies 

T  1 

Taurpu 

Gemini 

n 

Cancer 

s 

Leo  j  Eirgo 

P- 

M. 

s. 

D. 

M. 

S. 

D. 

M. 

s. 

D. 

M. 

S. 

D. 

M. 

t 

s. 

D. 

M. 

s. 

o 

0 

0 

0 

1 1 

30 

44 

20 

13 

21 

23 

31 

30 

20 

13 

41 

1 1 

30 

44 

30 

I 

0 

2? 

57 

1 1 

51 

48 

20 

25 

57 

23 

31 

10 

19 

59 

59 

1 1 

9 

28 

29 

2 

0 

47 

53 

12 

12 

41 

20 

3S 

59 

23 

30 

35 

19 

47 

7 

10 

48 

2 

28 

3 

I 

II 

49 

12 

33 

21 

20 

49 

9 

23 

29 

17 

19 

33 

27 

10 

26 

25 

27 

4 

I 

3‘) 

44 

12 

53 

50 

21 

I 

15 

23 

27 

51 

19 

19 

26 

10 

4 

3^ 

26 

5 

I 

59 

37 

13 

13 

5 

21 

12 

28 

23 

25 

48 

19 

5 

5 

9 

42 

42 

25 

6 

2 

23 

28 

^3 

34 

8 

21 

0  j 

^3 

8 

23 

^3 

1 8 

18 

50 

22 

9 

20 

3^ 

24 

7 

2 

47 

18  i^ 

53 

57 

21 

33 

23 

23 

20 

21 

18 

35 

20 

8 

58 

21 

23 

8 

3 

1 1 

4 

14 

13 

32 

21 

43 

15 

23 

16 

57 

18 

49 

48 

8 

35 

58 

22 

9 

3 

34 

48 

14 

32 

52 

21 

'52 

43 

23 

13 

6 

18 

4 

16 

8 

13 

13 

21 

0 

o 
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lO 

3 

58 

28 

14 

5' 

59 

22 

I 

45 

23 

8 

48 

17 
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The  Defcription,  Confruciion,  and  Ufe  of  this  Table.  ^ 

\ 

*!  ■  • 

*  \  Its  Defcription i 
\  ♦ 

Table  confifteth  of  Eight  Columns;  The  fifftof  which  towards 
■  A  right  hand,  contains  the  Degrees  that  the  Sun  is  in, being  in  any  of 
the  Six  Northern  Signs, Jries  T.,Taurus  Gemini  Tifiancer  ^^ieosiov 

l^irgo  irf)  placed  at  the  head  of theTable. - And  the  laft  Column  towards 

the  right  hand  ,  contains  the  Degrees  that  the  Sun  is  in ,  in  any  of  the  Six 
Southern  Signs  (wz,,  Libra  Scorpio  Sagittarius  ^ .^Capricorn  Aquarius 

and  Pifees  )  which  are  placed  at  the  foot  of  the  Table : - -  And  in  the 

other  Six  Columns  you  have  the  Declination  that  the  Sun  hath,  he  being  in 
any  Degree  of  any  Sign  of  the  Zodiack.  '  ' 

'  '  11.  Its  Conjlru&ion. 

The  Place  of  the  Sun  in  the  Ecliptick  being  known,the  Declination  of  the 
Sun  from  thence  may  be  eafily  deduced jby  this  following  Analogy  or  Pro- 
■portioHi  ^ 


As  the  Sine  of  90  Degrees 


10.0000000 


Is  to  the  Sine  of  the  Sun’s  greateft  Declination  25  deg.  ^  i  min.  9.6006997 
So  is  the  Sine  of  the  Sun’s  diftance  from  Aries  or  Librapi 

(fuppofe  i9deg.)  J  9- 5126419 

I  --  -  -I-  -  - - 

To  the  Sine  of  7  dtg.  eSrain;  the  Sun’s  Declination,  when  he?  ^ 

is  in  19  deg.  of  Aries  or  Libra,  1155410 

And  in  the  fame  manner  may  you  find  that  when  the  Sun  is  in  1 5  deg.  of 
Taurus  or  Scorpio^  the  Sun’s  Declination  will  be  1 5  deg.  48  min.  fere^  viz,  1 5 
deg.  47  min.  47  Seconds,  &c,  ; 

In  what  Sign  and' Degree  of  the  Ecliptick  the  Sun  will  be  any  day  of  the 
Year  may-l^e  found  (exafil  enough  for  Inftrumental  Performances)  by 
memory,  if  it  be  remembred  that  upon  the  firff  day  of 

January^  February^  Marchy  Aprily  Mayy  JunCy 
the  Sun  is  in 

,  20  X,  21  r. 


21 


22 


20  'dy 


19 


Julyy  AuguBy  September y  OBobery  November y  Decembery 
the  Sun  is  in 


18  S',  18  SI,  18  nr,  17 


* 


;8  ni, 


19  T. 


For  if  you  add  the  Days  of  the  Month  to  the  Degrees  of  the  Sign  that  the 
Sun  is  in  on  the  firfl:  day  of  the  Month,  the  Sum  is  the  degrees  of  that . 
Sign  the  Sun  is  in  ;  if  the  Sum  exceed  50  it  is  in  the  following  Sign;  So/ 

$  7 

m 


Of  the  FURNITURE 

in  the  Seventh  of  May  the,  Sun  will  be  in  27  degrees  of  And  on 

the  Eighteenth  of  O^ober  the  Sun  will  be  in  5  degrees  Scorfto^&c, 

\ 

III.  ItsVfe. 

« 

,  .  .  .p  .  ,  Northern  c*  Head 

Seek  the  Sign  that  the  Sun  is  in,  if  it  be  a  Southern  Foot 

of  the  Table,  and  the  degree  of  that  Sign  in  the  FirH  Column, of  the  Table 

LaH 

and  in  the  Common  Section  or  Angle  of  meetingof  thofe  two  you  have  the 
Declination :  So  the  Sun  being  in  25  deg.ofT^o,  feekLf’o  (itbeinga  North¬ 
ern  Sign)  in  the  Head  ot  the  Table,  and  25  deg.  in  the  Firft  ColucQn,  and  un- 
der  JL^<?,and  againfi:  2  5  deg.  you  fhall  hnd  1 5  13  5.  which  fhews  that  when 
the  Sun  is  in  2  5  deg.  of  Leo,  he  hath  i  ^  deg.  1 3  min.  and  5  Seconds  of  Decli¬ 
nation  :  - - AlfotheSun  being  in  17  deg.  of  Caprlcornfidi  Capricorn  (it  be¬ 

ing  a  Southern)  at  the  Foot,  or  bottom  of  the  Table,  and  the  1 7  deg.  in  the  lail 
Column ,  and  over  Capricorn,  and  againfl  17  deg.  you  fliallfind  22  26  22 
Ihewing  that  the  Sun  being  in  17  deg.  of  Capricorn ;  his  Declination  will  be 
2  2  deg.  26  min.  22  Seconds :  And  fo  of  the  Reft.  And 

% 

Note,  If  the  Sun  be  in  the  Sun  hath  Decii- 

nation. 
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A  TABLE  file  wing  the  length  of  the  Artificial  Day 
or  Night,  the  Sun  being  in  any  Degree  of  the  E- 
i  cliptick  for  1 2  feveral  Degrees  of  Latitude,  viz. 

“  from  44.  to  57  Degrees.  j 

i  ;  ■ 

i  ^  / 

Degrees  of  Latitude Or^  Elevation  of  the  Pole. 
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m 

The  DefcriptioDj  Conftruftioh  and  life  of  this  Table. 

L  Its  Defcription. 

The  Table  confifteth  of  Columns :  in  the  firft  towards  the  Left  hand, 
and  in  the  laft  towards  the  Right  hand,  you  have  the  Sign  and  Degree  that 
the  Sun  is  in ;  and  in  the  other  1 2  intermediate  Columns  you  have  the  Semi- 
diurnal  and  Semi-no^urnal  Arks,  or  half  length  of  the  Artificial  Day  or 
Night, 

Now,  the  Artifcial  Day  is  an  Arch  of  the  NaturalDay^2Si^  contains  that 
^  fpace  of  time  which  is  numbered  from  the  Kifiing  of  the  Sun  unto  the  going 
down  of  the  fame ;  and  this  Arch  is  either  Equal  or  Vnequal.  The  mean 
or  Equal  Artificial  Day  contains  always  1 2  hours,  which  evermore  happens 
when  the  Sun  is  In  the  Equinoctial^  but  when  the  Sun  is  out  of  the  fame  Line, 
it  is  unequal,  and  is  then  either  longer  or  fhorter  than  1 2  hours,  according  as 
the  Sun’s  Arch  or  Parallel  caufed  by  the  greater  or  lelTer  Elevation  of  the 
Pole  above  the  Horizon,  ' 

11.  Its  Conjlru&tori: 

The  Canon,,  Analogy  or  Proportion,  by  which  this  Table  is  made,  is  this; 
The  Latitude  of  the  Place  and  the  Declination  of  the  Sun  being  known 
Let  the  Latitude  be  47  deg.  and  let  the  Sun  be  in  19  deg.  of  Aries ;  at  which 
time  (by  the  former  Table)  the  Sun  hath  7  deg.  28.  min.  of  Declination^  Then 


the  Proportion  is. 

As  the  Co-tangent  of  the  Latitude  4^  degrees  9‘9^965  59 

To  the  Tangent  of  the  Declination  7  deg.  28  min*  9.1 174724 

So  is  the  Radius  90  deg.  1 0.0000000 

To  the  Sine  of  8  deg.  4  min.  19.1 174724 

9.147816^ 


This  8  deg.  4  min.  converted  into  time  is  3  2  thin,  and  is  the  Afcenfional 
Difference  (or  the  diftance  in  time  that  the  Sun  rifes  before  or  after  Six:) which 
added  to  Six  hours  (becaufe  the  Sun  is  in  a  Northern  Sign)  makes  6  hours  3^ 
min.  for  the  Semidiurnal  Ark,  or  half  length  of  the  Day. 

Note,  The  Semidiurnal  Ark  doubled  is  the  length  of  the  Day,  and  that 
doubled  fubftrafted  from  24  is  the  length  of  the  Night, jsind,  the  Afcenfio¬ 
nal  Difference  fubftra6led  from  Six  hours,  gives  the  time  of  the  Sun's  Ri- 
fing,  and  added  to  Six  hours,  gives  the  time  of  the  Suns  Setting. 

Ill*  itsVfe. 

Seek  the  Sign  and  Degree  in  which  the  Sun  is  in  the  firft  or  laft  Column^ 
and  right  againft  it  (under  the  Latitude  found  at  the  head  of  thQ,  Table)  you 

Ihall 


Of  the  F  U  R  N  ITU  R  E 

inall  hav2  the  Semi  Hum  d  Ark  if  the  Sign  in  which  the  Sun  is  be  a  Northern 

'Sign^  or  the  SeminoBurnd  Arch^  if  the  Sun  be  in  a  Southern  Sign, 

-  .1 

Example  i .  The  Sun  being  in  a  Northern  Sign. ' 

V 

Let  theSun  be  in  the  1 2tb  deg.of  G<rw/>/,and  let  it  be  required  to  know  tlie 
length  of  the  day  in  the  Latitude  of  46  deg.  Look  for  12  deg.  of' Gemini  in 
the  Firft  Column  of  the  TMe,  and  right  againft  it  (^under  the  Latitude  46 
deg.  found  in  the  head  of' the  Tdle)  you  lhall  have  7  hours  40  min.for  the 
Semldlurnd  Arch^md  time  of the<SWj  Settlng^  wlv.ch.  doubled  is  1 5  hours  20^ 

min.  for  the  Length  of  the  day. - Solikewife  when  the  Sun  is  in  2^  deg. 

of  Leo.,  in  the  Latitude  of  5  5  deg.  the  Semidiurnal  Arch  will  be  found  to  be  7 
hours  23  min.  which  doubled  makes  14  hours  46  min',  for  the  Length  of  the 
Day,  But, 

Example  a  .  The  Sun  being  in  a  Southern  Sign. 

* 

Let  the  Sun  be  in  19  deg.  of  Aquarius,  and  let  it  be  required  tdfindthe 
Length  of  the  Day  and  Night,  and  alfo  at*  what  time  the  Sun  Rifes  and  Sets^ 
in  the  Latitude  of  48  degrees,  Look  for  19  deg.  of  Aquarius  (which  you  fhall 
find  in  the  laft  Column  of  the  Table  towards  the  right  hand)  and  right  againft 
it,  under  48  deg  of  Latitude,  you  fhall  find  7  hours  1 1  min.  which  is  the 
SemlnoBurnal  Arch,  and  the  time  of  the  Surfs  Riftng  (becaufe  the  Sun  is  in  a 

Southern  Sign') - -This^rfr/?  doubled  gives  14  hours  22  min.fortheL^/;^r^ 

of  the  Night.  And  taken  out  of  24  hours,  leaves  9  hours  38  min.  for  the' 

Length  rftheday: - The  half  whereof,  4  hours  49  min.  is  the  time  of  the 

Sun's  Setting. 

Here  foUoweth 

A  TABLE,  Jhewing  what  Amplitude,  the  ?i\xnfi)aU  have.^ 
at  his  Rifing  or  Setting,  the  tr^eEaft  or  Weft  Point j  of  the 
Horizon;  towards  either  the  North  or  South:  At  every  whole 
(or  equal)  degree  of  hk  Declination,  Northward  or  South¬ 
ward. 

And  for  all  Latitudes  (  or  Elevations  of  the  Poles)  from  the 
EquinoiHal  to  60  degrees. 
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Of  the  FU  RN  ITU  RE 


The  Defer iption,  Conftruftion  and  life  of  this  Table. 

1.  Its  Defer iption,  .  -  ' 

The  Tables  being  in  number  Six,  do  each  of  them  contain  Eleven  Co¬ 
lumns,  the-firft  whereof  towards  the  left  hand  contains.the  leveral  degrees 
of  the  Declination  from  i  deg.  to  25  deg.  31  min.‘and  at  the  head  of 
each  Column  are  the  feveral  degrees  of  Latitude  from  i  deg.  to ''60  deg/ . 

'  ,11.  Its  ConflruBion,  '  • 

i  .  -  i  >  ■ 

The  Latitude  of  the  Place  and  tht  Declination  ofthe  Sun  being  known, -the 
Canon  ^  Analogy  or  Profortionhy  wliich.the  Table  is  formed  Is  .I'his  * 

.  As  the  Sine  Complement  of  the  Latitude  ffuppofe  45  deg. -Latitude^  47. 

deg-  ”  '  ^  r  ,  ^9-8641275 


-  Is  to  the  EW/W  90  deg.  .  -  * 

So  is  the  Sine  of  the  Declination  (fuppofe  i  $  deg.^ 
To  the  Sine  of  the  Arfiplitude  20  deg.  43  min. 


.  <  * 
.  A. 


10.0000000 
‘  19.4129962 
9.54S8687 

So  liketvife  if  the  Lati^S'^  fAndtheSun^s^  (AThe  Amplitude  rvould\  - 

"  tude  mre  Declination  \  be  found  to  be  9^°*  55 

C56.)  ^  CJ9  51 

-  And  here  Note,  (i.)  If  the  Declination  be  North^  the  Sun’s  Ampli¬ 
tude  of  Rifing  or  Setting  is  towards  the  Norths  and  the  Sun  PJfes  be¬ 
tween  the  £^i?  and. the  North)  and  Sets  between  \\\e,-  WeU  and  the 

1;,-  North - But  ( 2.)  If  the  Declination  be  South  the  Sun  Rifes  between 

-  the  £4/;^  and  the  and  Sets  be.:ween  the  and  the  :  (j'.J 
When  the  Sun  is  in  the  Euumociial  and  hath  no  degrees  of  Declination 
the  Sun  hath  no  degrees  or  Amplitude,  but  Rifes  due  Eall^  and  Sets  due 
Well, 

^  '  III.  Its  Vfe, 

*  «' 

Seek  the  Latitude  in  the  Head  of  the  Table,  apd  the  Sun’s  Dtclinationin 
the  firft  Column,  and  in  the  Common  Angle  or  Seftion,  you  have  the^;»- 
plitude — Example,  In  the  Latitude  1 5  deg.  the  Sun  having  20  deg.  of  North 

Declination  I  would  know  his  Amplitude : - Seek  1 5  degrees  in  the  Head 

of  the  Table,  and  20  in  the  firfl:  Column,  and  right  againh:  20  and  under  1 5. 
you  fhall  find  20  deg.  44  min.  and  iuDa  Amplitude  fhall  the  Sun  have  in  the  La¬ 
titude  of  1 5  deg.  ‘When  he  hath  20  deg  of  Declination :  And  is 

if  the  Declination  be  according  to  the  foregoing  Note. 
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The  Deicription^  Conftrudion  and  Ufe  of  this  Table. 

1.  Its  Defcription. 

Table  Confilletli  of  Eleven  in  the  Firh:  of  which 

1  towards  the  left  hand  are  contained  all  degrees  of  Latitude^ 

from  6odeg.  down  to  \.\\q  EquiTJc^iah^ - And  at  the  head  of  the 

Table  are  fo  many  whole  and  half  Points  of  the  Com^afs^  as  the  Sun 
may  Rtfe  or  Set  upon  in  thofe  Latitudes  counted  from  the  Eaft  or 

Wejl  Northwards - And  at  the  bottom  of  the  Table  are  fuch  Points 

and  half  Points  of  the  Compafs^  as  the  Sun  may  Rife  or  Set  upon  in 
any  of  the  forementioned  Latitudes  between  the  Eafi'OV  West  Points 
and  the  South ^  as  the  Titles  at  the  head  and  foot  of  the  Table  do 
exprefs ;  And  under  them  are  the  degrees  of  Declination  that  the  Sun 
ihall  have  when  he  Rifes  or  Sets  upon  thofe  Points  of  the  Compafs, 

II.  Its  Conftrudion. 

If  you  would  kiiow  what  Declination  the  Sun  fliall  have  when  he 
Rifes  upon  the  E,hy  N,  and  Sets  upon  the  W.by  N,  Point  of  the  Com^ 
pafs  in  any  Latitude  (fuppofe  in  the  Latitude  of  5  5  deg.)  The  Analogie 
or  Proportion  is, 

As  the  Radius  deg.  10.0000000 

/  _  _ 

To  the  Co-fine  of  the  Latitude  55  deg.  '  9*9i  3 

So  is  the  Sine  of  the  Point  of  the  Compafs  from  the  \  9.29025  57 

E.  or  W;  viz,  1 1  deg.  i  ,5  min.  (for  E.  by  N.)  S  — - 

To  the  Sine  of  9  deg.  12  min.  ^^9.2056002 

And  fuch  Declination  muft  the  Sun  have  when  he  Rifes  upon  the 
E.  by  N,  and  Sets  upon  W,by  N,  Point  of  the  Compafs  in  the  Latitude 
of  j  5  deg. 

-  III.  Its  Ufe. 

Seek'the  Latitude  in  the  firft  Column  of  the  Table  towards  the  left 
hand,  and  the  Point  or  half  Point  of  the  Compafs  upon  which  the  Sun 
Rifes  or  Sets  in  the  head  or  bottom  of  the  Table^  and  in  the  common 
Angle  or  Se^Hon  you  fhall  have  the  Declination  that  the  Sun  then  hath. 

Example,  What  Declination  fhall  the  Sun  have  when  he  Rifes  N,  E, 
by  E.  and  Sets  N.  IV,  by  W,  in  the  Latitude  of  48  deg.  Look  for  48 

deg.  in  the  firll  Column,  and  for  the  head  oftheTable, 

and  under  thofe  Points^  and  againft  48  deg.  you  fhall  find  2 1  deg.  49 
min.  for  the  Declination  that  the  Sun  fhall  have  when  he  Rifes  N,  E, 
by  E,  and  Sets  N,  W,  by  MVm  the  Latitude  of  48  deg.  —^And  the  like 
in  any  other  Latitude,  - 
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have,  when  the  Day  is  any  Number  of  whole  hours  j 
long  in  any  latitude.  I 
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The  Dijf^r^ence  hefrvten  the  Length  of  the  Longefl  or  Short  ejl 
Daj^  conftjHng  of  equal  hourfy  and  an  Equinotlid  Day 
of  12  hours.  ^  - 
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The  Defcription  ConftruCtion  an  Uie  of  this  Table. 

'  ’  c'  ^  y-  .  -''f '■ 

^  L  Its  Defcription. 


'  p 

THe  Table  Gonfifts  of  Seve^^  Columns^  in  the  Hrft  whereof  are  all  degrees 
of  Latitude  from  the  Pole  to  i6  degrees :  And  at  the  licad  of  the  Table 
is  the  Difference  bQtw&m  the  length  of  an  Equinoclial  day  of  1 2  hours  long, 
and  the  even  hours  of  any  other  days  length ;  in  great  Figures,  and  under  thetn 
in  fmaller  Figures,  is  the  half  difference  of  that  length  in  degrees  and  minutes, 
and  under  them  the  Declination  that  the  Sun  fliall  then  have  when  the  day 
is  fo  much  longer  or  fliorter  than  an  EqninoBial  Daj, 


11.  Its  Conftruftion.  '  |  • 

•  I  ^ 

If  you  would  know  what  Declination  the  Sun  fliall  have  when  tlie  day  is- 
any  number  of  even  hours  longer  or  fliorter  than  an  EqtdnoBial  Day  in  any 
Latitude,  Confider  the  difference  of  thofe  Lengths,  and  an  E^uinoShal  Dayqi 
1 2  hours ;  and  take  the  half  thereof,  which  turn  into  Degrees  and  Minutes 
As  fuppofe  I  would  know  what  Declination  the  Sun  fliall  have  when  tlie  day 
is  either  i  $  deg.  or  9  hours  long  in  the  Latitude  of  5 4  deg. 

Firft,  the  difference  between  9  or  hours  and  12  hours  (zn  EquinoBial 
Day")  IS  "i  hours,  the  half  whereof  is  i  hour  and  a  half,  and  that  turned  into 
time  is  22  deg.  30  min.— ?Being  thus  prepared,  the  Analogy  qv  Proportion  to 
find  the  Sun*s  Declination  at  that  time  is. 

As  the  90  deg.  io.ocgoooo 

Is  to  the  Sine  of  half  the  diff.  i  hour  30  min.  (viz,  22d.  30  m.)  9.58283  97 

So  is  the  Co-tangent  of  the  Latitude  36deg.  9.8612610 

To  the  Tangent  of  1 5  deg.  3  3  min.  ,  j  9.4441 007 

And  fuch  Declination  fliall  the  Sun  have,  when  the  day  is  either  9  or  1 5  hours 
long  in  the  Latitude  oi  5  4  deg. 

III.  Its  Ufe. 


Seek  the  Latitude  in  the  LirB  Column,  and  the  Difference  between  the  day 
propofed  and  an  Eq^uinoBial  Day  in  the  head  of  the  Table,  among  the  great 
Figures,jLnd  in  the  common  SeBion  you  have  the  Declination  defired. 

Example,  What  Declination  fhall  the  Sun  have  when  the  day  is  either  10 

or  14  hours  long  in  the  Latitude  of  76  deg. - — The  difference  between  10 

or  14  hours,  and  an  EquinoBial  day  is  2  hours.  Find  2  hours  at  the  head  of 
the  liable,  and  under  it,  and  againft  76  the  (Latitude  found  in  the  Firjl  Co~ 
lumn)  you  fliall  find  3  deg.  37.  min.  and  fuch  Declination  fhall  the  Sun  have 
when  the  day  is  either  10  or  14  hours  long  in  the  Latitude  0(76  deg. 


And  fo  when  the 
Day  is  either 
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The  Sun^s  Declina¬ 
tion  will  be  found 
to  be 
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of  Latauii  for  Vertical  or  Hori^^oHieil  Plains^  or  of  the  StiUs  height  above  avy-  Vire^-  iPorth  or-  South  upright  l{eclinitig  or  Jucl whig  p], 


Of  the  FURNITURE 

I N  r  A  B  LH  of  Horizontal  Spaces  fberving  the  Difiance  of 
j  each  Horn -[\nt  from  the  Meridian :  upon  all  Vertical 

ior  Horizontal  Plains^,  as  alfo  uponDiP^di  North  <3r 
South  Plains,  whether  Ere8:,  Reclining  Inclining  ; 
Calculated  to  all  Degrees  Qf  Latitude  (\\z,  from  oo 
deg,  to  90  deg.')  that  is^  from  the  Equinoctial  up  to 
either  of  the  Foies. 
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A  Table  of  Horizontal  spaces  jjjervi?^^ the  Dillame  of 
each  Kour-line/r<?w  the  Meridian :  upon  all  V ertical 
.or  Horizontai  Plains  ^  as  alfo^npon  Dn'cEi  Norther 
South  Vhms^  jvhether  Ere8:,  Reclining  er  Inclining:] 
Calculated  to  all  Degrees  of  Latitude  (viz.  from  oo 
deg.  to  90  degP)  that  is.,  from  the  Equino£lial  up  to\ 
either  of  the  Poles. 
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The  Dercription,  ConftruEtio  and  life  of  the 

^  foregoing  Table.  *' 


op 


^T^He  Table  confifteth  of  Seijen  Columns^  in  the  firft  is  contained  whole 
1  degrees  of  Latitude  from  i  to  90  degrees :  And  may  be  called  the  Qo- 
Imnn  of  Latitudes^  Co-Latitudes,  or  of  the  Stiles  height  of  any  Direci  Horizon- 
taly  North  or  South  Flairiy  either  EreB  or  Reclining, 

In  the  other  Six  Columns  you  have  the  Space  or  Diftance  that  each  hour 
hath  from  the  Meridian^  when  the  Stile  is  any  number  of  degrees  to  be  ele¬ 
vated  above  the  Meridian  or  SubfiUe^  as  are  the  others  of  Column  Seventh, 

The  Tables  Conftruftion'  « 


It  is  known  that  15  degrees  of  the  EquinoBial  is  equal  to  one  hour  of  time, 
then  30  is  equal  to  Two  hours,  45  to  I'hree  hours,  cre.  And  then 


As  the  Radius  or  Sign  of  90  deg. 

Is  to  the  Sine  of  the  Latitude ^  Co-Latitude  or  Stiles  height  2  5  deg. 

So  is  the  Tangent  of  1 5.  ^  *  • 

To  the  Tangents  of  6  deg.  28  min. 

d,  ,  m,  d,  m,  d,  m,  d.  m, 

An^  {q  \s  xht  T ange nt  0^  30  00.  45  00.  60  00.  75  00. 

To  the  Tangent  0^  13  43.  22  25.  36  ,  12.  57  34. 

And  fuch  arc  the  true  hour^  diftances  for  an  Horizontal^  Verticaly  or  any  other 
DireB  Reclining  Plainy  where  the  height  of  the  Pole  or  Stile  is  found  to  be 
25  deg. 

i  The  life  of  this  Table.  | 

,  f  .  , 

It  lerves  principally  for  the  ready  making  of  Horizontal  Dialsy  for  to  be 
obfeurely  deferibed  upon  Declining  or  Declining- Reclining  Plains y  whereby  the 
Furniturey  fthe  Tropicks  and  Parallels  of  the  12  Signs  and  Diurnal  Arches  X 
mean)  is  more  eanly  inferted  upon  fucli  Oblique  Plains :  As  in  the  former 
Tradates  is  fufficiently  declared. 


Of  the  FU  i  TU_R  F^ _ 

STABLE  floemng  what  Altitude  the  Sun  jhall  have  at  every 
Hour^  Half  and  Quarter  of  the  Day^  at  his  Entrance  into  every 

of  the  XI L  Signs. 

Calculated  for  the  Latitude  of  London,  5  l  deg.  3  0.  rtiin: 
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The  Defcription,  llfe^  and  Conftmddon  of  the  foregoing  T2l\Aq, 

1.  Its  Defer ipt ion. 

Table  confifteth  of  Eight  Columns  t  The  firfi:  whereof  contains  all 

J.  HourSy  Halves  and  Quarters^  both  before  2Lnd  afternoon;  and  in  the  o- 
ther  Seven^  are  the  degrees  and  minutes  of  that  the  «S«;i2  hath  at  his 

entrance  into  any  of  the  1 2  Signs :  as  the  Titles  at  the  head  of  each  Columji 
do  import. 

I 

*  “  11.  ItsVfe. 

Suppofe  I  would  know  what  Altitude  the  ‘Sun  fliall  hav^e  at  Ten  of  the 
Clock,  when  he  enters  into  either  of  the  Signs  Firgo  or  Taurus  ys.  Look 
for  YMgo  or  Taurpis  ( which  you  fhall  find  in  the  fourth  Column )  at  the  head 
of  the  I'able,  and  under  them  and  jufl:  againfl:  X.  or  II.  a  Clock  (in  the  firft 
Column)  you  fhall  find  4^  deg.  ii  mirf.  And  fuch  Altitude  will  the  Sun  have 
at  Ten  or  Tm  a  Clock  when  he  enters  into  Taurus  or  Virgo ^  in  the  Latitude 
of  5 1  deg.  ]  2  min.  — ■  In  like  manner  you  fhall  find  that 

deg,  min. 

"When  xho(:Cancer  PuicAIf’  willbcC59  42 

Sun  ontQrs^Leo  or  Gemini  Ctude  at 

into  ^Sagittarius  or  Aquarius  ^X.  II. to  be 

And  the  like  for  any  other  hour,  half  and  quarter  of  the  day,  and  at  the  en¬ 
trance  into  any  other  of  the  Signs, 

III.  Its  ConflruHion, 

I.  If  the  Sun  be  in  the  Equinoclial^  that  is,  at  his  entrance  into  Aries  Tor 
Libra  and  fo  have  no  Declination^  the  Sun’s  Altitude  at  any  hour  may  be 

found  by*  one  Single  Proportion^  - - So  the  Sun  being  in  the  Equino^ial^  and 

his  Altitude  at  VIII.  in  the  Morning  or  IV.  in  the  Afternoon-  were  required  in 
the  Latitude  of  5 1  deg.  3  2  min.  The  Proportion  to  find  the  fame  is 

As  the  Sine  of  90 

Is  to  the  Co-fine  of  the  Latitude  38  deg.  28  min. 

So  is  the  Co-fine  of  the  hour  from  Noon  30  deg. 

To  the  Sine  of  18  deg.' 8  min.  '  ^^9.493 1196 

Which  is  the  Sun’s  Altitude  at  Pour  or  Eight  of  the  Clock,  when  the  Sun  is 
in  the  beginning  of  Aries  r  or  Libra  in  the  Latitude  of  51  deg.  32  min.. 

-  This  is  the  Proportion  to  find  the  Altitude  at  all  Hours,,  when  the  Sun  is  in 
the  EquinoBial,,  and  hath  no  Declination  ;'But  when  the  Sun  hath  either  North 
or  South  Declination  from  the  EquinoBial^th^u  there  muft  be  Two  Operations 
to  find  the  Altitude  at  all  hours,  except  at  VI  a  Clock;  and^  at  that  hour  One 
Operation  will  ferve  the  turn. 

Example]  In  the  Latitude  of  5 1  deg.  3  2  min.  Let  it  be  required  to  find  the 
Sun’s  Altitude  at  Six  a  Clock  when  he  enters  into  Taurus  or  Virgo ^  (his  De¬ 
clination  then  being  iideg.  31  min.)  The  Proportion 


1 0.0000000 


9.7941496 

9.6989700 


As 


Of  the  FXf  RNJTURE 

As  the  Radim.fot  Sine  of  90  deg.) 


ill; 


‘  /-'i*  ^ 

Is  to  the  Sine  of  the  Sun’s  Declindtidn ^  l  i  deg.  min. 
So  is  the  Sine  of  the  Latitude  32  inip* 


10.0000000 

9.3002758 

9.8957452 

.^"9.1940210 


To  the  Sine  of  9  deg.  ,  1  1 

Which  is  the  Sun's  'Altitude  at.  Six  a  Clock. 

For  the  Altitude  of  all  other  liours  between  XII  and  VI.  (as  at  IV  or  VIII. 
•a  Clock.)  Two  ?r  of  onions  mu  if  be  iifed  ; 


(i.)  As  tlic  Co-fine  of  the  hour  from  the  Meridian  30  deg. 

To  the  Radiids  (or  Sine  of  90  deg.) 

So  is  the  Tangent  of  the  Latitude  5 1  deg.  3  2  min. 


9.6989760 

10.0000000 

10.0999135 


10.4007435 


To  thtTangent  of  a  Fourth  Arch  68  deg.  30  min, 

deg.  min.  ■  , 

68  "  20  from  which  the  Sun  having  11  deg. 


The  Fourth  Arch  is 

3 1  mill,  of  Nor.Decl.^xth^.  11  3 1  ^  and  there  remains 

56  46  for  a  Fifth  Arch,  Then  Say, 

(2.)  As  the  Sine  of  the  Fourth  Arch  68  deg  20  min 


To  the  Co -fine  of  the  Fifth  Arch  3  3  deg.  1 1  min 
,  So,  is  the  Sine  of  the  Latitude  51  deg.  3  2  min. 

Toihe  Sine  of  27  deg.  28  miri. 


9.9681781 

9.7382412 

9.8937452 


19.6319864 
9.6638083 

^And  luch\^/mWe  fliall  the  Sun  have  at  Eight  in  the  Mornitlg,  or  Four  in  the 
Afternoon  when  he  enters  into  Taurus  b  or  Virgo  w. 

^  ..  When  the  Sun  is  in  the  Southern  Signs giS  Libra  Scorpio  ni^Sagittarius  f  Ca¬ 
pricorn  Aquarius  ^  or  Rifees  K,  and  hath  South  Declination : - As  fuppofe 

at  X.  or  II.  a  Clock  the  Sun  being  in  the  beginning  of  Sagitarius  $  or  Aquarius 
SI?,  fhe  having  then  20  deg.  i  3  min.  of  South  Declination : )  Say, 

( I.)  As  the  Co-fine  of  the  hour  from  the  Meridian  60  deg.  9.0378506 


To  the  Radius  (or  Sine  of  90  deg.) 

So  is  the  Tangent  of  the  Latitude  5 1  deg.  32  min. 


1 0.0000000 
10.0999135 


To  th-QTangent  of  the  Fourth  Arch  55  deg,  27  min.  10.1620629 

deg.  min. 

To  his  Fourth  Arch  55  27  (the  Suii’sDecl,  being  20  d.  13  m,  South^muR  be 

added  to  it  20  13 

And  the  Sum  will  be  7  5  40  ^ov  2i  Fifth  Arch.  Then  Say^ 

(2.)  As  the  Sine  of  the  Fourth  Arch  55  deg.  27  min 


.  f 

To  the  Co-fine  of  the-  Fifth  Arch  14  deg.  20  min. 
So  is  the  Sine  of  the  Latitude  5 1  deg.  3  2  min. 

To  the  Sine  of  1 3  deg.  36  min. 


9-9iS7?8o 

9.3936852 

9.8937452 

19.2874304, 

9.3716974 


And 
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And  fuch  Altii'ude  fliall  the  Sun  have  at  Ten  in. the  Forenpon  or  Two  iri 
the  Afternoon,  when  the  Sun  is  in,  the  beginning  of  S/tgiHarim  or  Jquartfa^^ 
and  having  20  deg.  i^rnin.  of  South  Dhclmation,  ^  • 

For  finding  of  the  Sun’s  Altitude  at,  any  hour  before  Six  in  the  Morning, 
or  after  Six  at  Night,  the  fame  ^ro^ortion  foregoing  will  ferve ;  Only 
note — That  when  the  Fourth  Arch  is  founds  and  the  Declination  the 
Sun  added  to  it  (^s  it  mufi:  always  be)  do  exceed  90  dejg.  you  muft  take; 
the  Complement  thereof  to  180  deg.  for  your  Fifth  Arch,  I 

So  the  Declination  being  20  deg.  i  ^  niin.  Norths  And  the  Altitude  at  V.in 
the  Morning  or  VII.  at  Nightj  Were  required,  the  Altitude  will  be  foiind  to 
be  6  deg.  52  min.  For, 

(i.)  As  th^  Co-Jine  of  the  hour  from  the  Meridian  1 5  deg.  9.4!  29962 

,  t 

V  To  the  90  deg.  lo.boooooo 

So  is  the  Tangent  of  the  Latitude  5 1  deg.  3  2  min.  1 0.0999 1^5 

To  the  Tangent  of  the  Fourth  Arch  78  deg.  22  min;  10.6869175 


2 


The  Fourth  Arch  being 
To  which  add  the  Sun’s  Declinat, 


deg. 

78 

20 


mm, 

22 

15 


the  Sum  is  .98  5$  ,  ,._  V 

Whofe  Complement  to  1 8c  deg.  is  81  25  is  the  Fifik  Arch,  Then,' 

•  '  (2.)  As  the  Sine  of  the  Fourth  Arch  78  deg.  22  min.  9*9909859 

To  the  ofthe  ^rf^‘8  deg.  55  min.  •*  ^  ‘  '  9** 739077- 
So  is  the  Sine  of  the  Latitude  51  deg.  52  rain.  J  ^  ^  9\^.937452 


? 


^  .  I  ‘  19.0676529 

To  the  Tangents  deg,  ^2  mini  “  '  ‘  9.0766670 

Which  is  the  Suas  Altitude  at  V.  in  the  Morning^  or  VII  iri  the  Evening. 
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.4  TABLE 


1 


Of  the  F  U  RNITURE 


^  T  A^'LE  Jhewing  what  Azimuth  f/om  th^  South^  the  Sun  ^all 
have  at  every  Hour^  Half  and  Quarter  of  the  i)ay^  '^dt  hU' En¬ 
trance  into  every  of  the  XIL  Signs. 

'1  'Calculated  for  the  Latitude  o/  London,  5 1  deg,  3  2  min,  -7 

.  \ .  .  ...  .  : .  . :  » :  F'f 

'  Hours  " 

aud 

Quarters 

V :  -  :  .u  . 

s  V 
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Pefcriptioh,  Ufe,  and  Goriftrii^lion  of  the^  foregoing  T\3hie. 

1.  Its  D^rtpttm  :h-],  ■ 

THis  Table  (as  that  foregoing)  confifteth  q£  Eighl  Columns  y  The^Firft  con¬ 
tains  all  the  Hotirs^  Hahes  and  Quarters  Hoth  before  and  afternoon ;  And 
in  the  other  are  the  Degrees  ^and  Minutes  of  the  Sun^s  Azimuth  from  the 
South  2X  the  Sun’s  entrance  into  every  of  the  12  Signs ^  as  the  Titles  at  tjx?  top 
thereof  do  fign"' 


II.  Its  Vfe. 


If  you  would  know  what  Azimuth,  from  the  South,  the  Sun  fhall  have  at  IX. 
or  III.  of  the  Clock ,  when  the  Sun  enters  into  Virgo  m  or  Taurus  ^  — 
Look  for  Virgo  and  Taurus  at  the  Head  of  the  Table,  and  under  it  (agailift  IX. 
and  III.  a  Clock)  in  the  Firft  Column,  you fliall  find  58  deg.  47  min..  And  fuch 
Azimuth  fhall  the;  Sun  have  from  the  South  part  of  the  Meridian,  So  like- 


wife. 

1^;- 
i  VC 


-U 


the  A- 


Cancer, 

When  the  Sun  ^ Leo  or  Gemini,  T 
enters  into  ^Scorpio  ov  Fijees^ 
^  ^Taurus  or  Virgo,  ^ 


X. 

It 

Iix. 

raj 

iVII. 

V.. 

XI. 

T. 

d,  tn, 

will  beO?  H 
found 

tohe  )7*  i® 
.  l7*  :fi 


,  :  III.  Its  Confiruliion  /  ‘  ^ 

»  f  '  I  ^  ; 

If  it  were  required  to  find  what  Azimuth  the  Sun  fhall  have  fi'oni  the  Solith  ' 
prt  of  the  Meridian,  at  VIII  or  IV  of  the  Clock,  at, , the  Sun’si  entrance 

into  Leo  or  Gemini  (he  having  then  20  deg.  1 5  min.  of  North  Declination')-' - 

You  muft  (by  the  foregoing  Table)  find  what  Altitude  the  Sun  (at  that  time)  ^ 
hath,  which  will  be  34  deg.  14  min.  which  known,  thQ^Traportion  will  be^  - 


As  the  Co-fine  of  the  Altitude  5  5  deg.  46  min. 

To  the  Sine  of  the  hour  from  the  Meridian  ,60  dQg» 
So  the  Confine  of  the  Declination  6g  deg.  ^7  min. 

•  ’  '  i  V.  , 

To  the  Sine  of  79  deg.  30.  min. 


ft  •  • ; 


•I 


9.9I7}76o 

9-937S?i6 

9.9723845 


f  .=  19.9099161 

*  '  V  9.9926501 

And  fuch  is  the  Surrsv<^-s:/;»//^^  froni  the  South  part  of  tho  Meridian, 


1  -  - 

?  i  i 

ij 

'  5  . 

rasE5saK»a*i -xi.\ 

TABLE 


Of  the  FURNITURE 


A  T' A  BhE  of  the  Suns  Altitude  at  all  Hours  of  thet)hy\'  at’  the 
Suns  Entrance  into  any  of  the  XII.  Signs,  and  at  every  Tenth  De¬ 
gree  thereof 


Calculated  for  the  Latitude  of  deg.  viz. 


• 
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XII. 
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20 
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55,  34 
52'  4^ 
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39  27 
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32  40 
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23  5 

20;  55 

15  19 

13  30 

11  18 

6  12 

4  -  18 

2  -  i 

20 

,lo 

^  O 

lO 

'  20 

51  30 

47  49 
43 

49  33 
46  0 

43  5^ 

44  16 
40  58 

37  28 

36  43 

33  40 
30  26 

27  52 

25  0 
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A' 

Succin£t  and  Demouftrable 

.  Way  of  Defcribing 

HOUR-LINES 

Upon  all  Sorts  of 

PLAINS. 

Andallb, 

For  the  Inlcription  of  other  Sciaterical  Furniture 

into  Sun-Dials. 


Tranflated  frorm  Latin  Manufcript  written.  Anno  1640.’ 
By  Samuel  Fofler^  fometimes  Profeffor  of  Aftronomy  in 
Grejham  Colhdge,  LONDON. 


.  The  Seventh  T  R  ACT  AT  E. 

4 

y  I  ■■■"  "  ■■  ■  ■  ■  ■■  ■■  I  — -  -  -.1  ■■  — 

IN  all  the  fix  Schemes  — —  NESW  reprefents  the  Hdrizon. - NFS 

the  Meridian - TRL  the  Plain - P  the  Pole  of  the  Word  — 

Z  the  Pole  of  the  Horizon - -  O  the  Pole  of  the  Plain - D  N  or 

DS,  the  Declination  of  the  Plain,  which  two  Arks  are  Complements 
of  each  other;  and  unto  which,  the  Angles  PZO  or  OZS  are  Equal. 

The  Horizontal  Line  of  the  Plain  is  TZL  - - The  Vertical  Line  VZ 

- -  The 'Inclination  'of  the  Plain  to  the  Horizon,  is  the  Arch  VC,  to 

which  pZ  is  equal. 

That  the  Axis  and  Hour-lines  may  be  duly  feated,  we  muft  of  neceflity 
folve  the  Spherical  Triangle  PZO,  in  wdiich  there  are  given,  (i.)  PZ,  the 
Complement  of  the  Latitude,  ( 2.)  ZO,  the  Inclination  of  the  Plain  tfethe  Ho¬ 
rizon,  (ji,)  The  Angle  PZO,  the  Declination  of  the  Plain  from  the  North. 
Therefore,  it  is  evident,  by  the  Fourth  Axiom, 

Firft,  The  Bafe  PO,  whofe  excefs  above  a  Quadrant  in  the  III.  Scheme,  is 
the  Complement  to  a  Quadrant  in  the  other  Schemes ;  And  therefore  PR  is 
the  Elevation  of  the  Pole  above  the  Plain. 

,  N  n  n  Secondly, 


SCIOGRATHT. 

t 

.  Secondly,  By  the  Third  Axiom. 

As  the  Sine  of  the  Arch,  before  found,  OP 

Is  to  the  Sine  of  the  Declination  PZO,  or  OZS, 

So  is  the  Sine  of  the  Inclination  of  the  Plain  to  the  Horizon  OZ, 

To  the  Sine  of  OPZ.  The  difference  of  Longitude  between  the  Meri¬ 
dian  of  the  Plain,  and  the  Meridian  of  the  Place. 

Thirdly,  By  the  Third  Axiom. 

As  the  Sine  of  the  Arch  OP,^ 

Is  to  the  Sine  of  the  Declination  ZO,  or  OZS ; 

So  is  the  Sine  of  PZ,  the  Complement  of  the  Latitude  of  the  Place, 

To  the  Sine  of  the  Angle  POZ,  or  RV.  . 

Which  is  the  diftance  of  the  Subftile  and  Meridian.  , 

IT  To  find  the  Subjlile  and  to  place  the  AxU>  upon  it. 

The  Subftile  is  diftant  from  the  Vertical  Line  of  th6  Plain,  by  the  quan¬ 
tity  of  the  Arch  RV,  and  towards  the  lame  Coaff,  as  appears  by  the  Scheme. 
The  Stile  ftanditig  perpendicular  upon  this  reprefents  the  Axis  of  the  World  ; 
and  therefore  looks  towards  the  Elevated  Pole,  making  an  Angle  with  the 
Subftiie  equal  to  the  Arch  PR. 

• 

^To  find  the. Difiances  of  the  flour4ines  from  the  Subfitle. 

The  Hour-lines  are  placed  from  the  Subftiie,  in  the  fame  Ordemvhich  they 
keep  in  the  Schemes  ;  their  Angles  being  found  out  by  this  Proportion. 

As  Radius 

Is  to  the  Sine  Elevation  of  the  Pole  above  the  Plain  PR. 

So  are  the  Tangents  of  the  Angles  RP 1 2,  RP  i ,  RP  2,  RP  ^ ,  R  P  4,  RP  5, 

RP  6,  &c. - RP  1 1,  ZP  10,  RP  9,  RP  8,  RP  7,  RP  6,  &c. 

To  the  Tangents  of  the  Arches  upon  the  Plain,  R  1 2,  R  i ,  &c,  R  1 1,  R  10, 
&c. 

From  theMeafures  ofthefe  Arches,  let  there  be  Angles  deferibed  upon  the 
Plain;  and  if  you  draw  ftrait  Lines  from  the  Centre  through  thofe  Points, 
they  will  be  the  Hour-lines:  And  the  Schemes  will  fhew  the  Order  of  their 
Numeration. 

The  true  Angles  RP  12,  RP  i,  &c.KY  1 1,  RP  io,d“f.  are  difeovered  by 
being  compared  with  the  difference  of  Longitude  OPZ,  whether  itbe  i,  2, 
g,  4,  &c,  hours  from  the  Meridian,  by  taking  either  their  Sum  or  Difference, 
which  is  eafily  apprehended  from  the  Schemes. 

Moreover,  It  is  to  be  noted.  That  the  Angle  OPZ  is  Acute,  or  at  the 

moft  not  exceeding  a  Right  Angle.- - But  if  at  any  time  it  fall  out  to  be 

Obtufc,  the  fame  lhall  be  the  Supplement  of  the  Plain’s  Difference  of  Lon¬ 
gitude.  The  fame  is  to  be  underftood  in  any  Cafe  whatfoever,  wlien  the 
Angle  RPw,  is  either  equal  to,  or  Supplement  to  the  Angles  RP  1 2,  RP  i, 
&c, 

I  have  affumed  thefe  Inventions  in  the  laft  place,  becaufethey  are  qpore 
commodious  for  animadverfion. 

Ho19 
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How  to  hiow  under  what  Scheme^  any  Flain  falls. 

As  Radius, 

Is  to  the  Co-fine  of  the  Plain’s  Declination, 

So  is  the  Tangent  of  the  Plain’s  Inclination  to  the  Horizon, 

To  a  Fourth  Tangent : 

In  North  Incliners  N 

In  South  Incliiiers  ‘ 

In  both  which,  if  the  Fourth  Arch  N  be  leffer  than  the  Eleva.tion  of  the 
Pole  NP.  ^  ' 

The  Plain  (hall  belike  that  in  Sherrie  11. 

If  Greater  like  that  in  Scheme  HI. 

If  Equal  the  Plain  is  Mcridiahal. 

Andinthefe, 

If  the  faid  Fourth  Arch  ST^^be  greater  than  the  Elevation  of  the  Equa¬ 
tor  SAi,  or  Equal  to  it,  the  Plain  will  agree  with  Scheme  IV  - - But  if 

ielfer  with  Scheme  V. 

Let  Ere£l  Plains  be  reprefented  by  Scheme  I.  where,  If  the  Declination 
be  90  deg.  the  Plain  fhall  be  NPZS. 

For  Direct  Incliners  beholding  the  Eaft  or  Weft,  the  VI  Scheme  will 

ferve.^ - But  where  the  Inclination  to  the  Horizon  is  90  deg.  the  Plain 

lhall  be  NZS  Meridahal.  . 

Hitherto  of  die  Defeription  of  Hours. 
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CERTAIN  PRECEPTS. 

F  O  R  T  H  E 

INSCRIPTION 

OR  OTHER 

*  f  ' 

Sciaterical  Furniture 

SUN-DIALS. 

-  -  -  ■  -  -  ■  .  -  -  >  -  _  L 

P  R  O  B  L.  I. 

To  find  the  Dijiancesof  the  Verticals  of  their  Plains ^  from  the  Ver- 

ticals  of  the  Horizon, 

THe  Verticals  of  the  Plain  is  VZ  or  DC, 

The  Verticals  of  the  Horizon  are  ZQ,  ZF,ZG  and  ZH,  &c. 

The  Verticals  of  the  Arch  fought  of  the  Diftanccsin  Plainare  VY,  VI, 
VK,  VM, 

But  becaufe  the  Declination  of  the  Plain  SD  or  NC,  and  the  Horizon¬ 
tal  Diftances  of  the  Verticals  NQ^,  NF,  NG,  NH,  &c.  from  N  are  known : 
TheDiftances  alfo  or  Sums  of  the  fame'  ( according  as  fhall  be  required )  fhall 
be  made  known :  Namely  the  Arches  CQ,  CF,  CG,  CH,  &c. 

And  becaufe  ZV  is  the  Complement  of  the  Inclination  oi  the  Plain  to  the 
Horizon,  therefore 

As  ZC  Radius 
To  Sine  of  ZV. 

So  the  Tangents  of  the  Arches  CQ.,  CF,  CG,  CH,  &c. 

To  the  Tangents  of  the  fought  Arches  VY,  VI,  VK,  VM,(df. 

In  Ere£l  Plains,  which  pafs  through  the  Vertex  of  the  place,  thofe  Ar¬ 
ches  vanifh. 


P  R  O  B  L.  II. 

The  Declination  of  the  Parallel  from  the  Equator  being  given^  to  find 
its  Dijiancefrom  the  Vertex  of  the  Plain^  to  any  Hour, 

LEt  the  Parallel  be  A  and  the  hour  ZPA,  the  Eighth  from  Midnight 

or  Four  before  Noon,  and  let  an  Arch  of  a  great  Circle  OA  be  drawn, 
then  in  Triangle  OPA  the  Sides  PA,  (by  the  Declination  from  the  E- 

quator 


I 
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quator  15  A)  and  P  O  (from  the  former  cbmp.utation)beii^  known,  with  the 
comprehended  Angle  O  P  A,  made  from  the  Sum  or  Difrcrence  of  the  An¬ 
gles  OPZ  the  Difference  of  Longitude,  and  ZPA  the  hour  given,  the  Bafe 
O  A  may  be  found,  by  the  Fourth  Axiom :  which  is  the  Diffance  of  the 
Point  A  from  O  the  Vertex  of  the  Plain. 

In  the  fame  manner,  the  Diff  ances  to  all  Parallels  and  hours  are  to  be 
fought. - But  to  feek  them  beyond  8o  deg.  will  be  needlefs. 

A  P  P  E  N  B  I  X. 

If  it  be  fought,  in  what  Vertical  Circle  of  the  Plain  this  Diftance  fhall 
happen,  ufe  this  tbllowing  Analogy. 


As  the  Sine  of  the  Side  O  A 
1  o  the  Sine  of  the  oppofite  Angle  0  P  A. 

So  (by  the  Axiom  5)  is  the  Sine  of  the  SidePA 
1  o  tile  Sine  of  the  oppofite  Angle  P  O  A. 

SublHlar  O  O  A,  and  the 


P  R  O  B  L.  HI. 

To  find  the  Bifiance  of  any  Circle  Parallel  to  the  Horizon  from  the 
Vertex  of  the  Plaiy  to  any  Vertical  Circle. 

L^raf  r  - 5'"'ough  the  Point  X  be  the  Vertl- 

from  O  the  ^^ertex  of  the  Plain.  ^  be  fought, 

-r  Circle  OX  be  defciibed,  fo  as  to  make  the 

VO  7\v’  r  r ‘  CZ  (equal  to  the  Inclination 

HorLn  F)  'tog^her  ^fit^the  compreheSSX^  f’  ^ 

The  fame  is  to  be  found  in  all  other  as  well  Verticals  as  Parallels  Rnr 
feck  the  Diftances  beyond  So  deg.  is  needlefs.  “ 


A  P  P  E  N  B  I 


A. 


.  But  if  it  be  further  required  in  what  Vertical  Circle  of  the  Plain  '  this  Dl 
fiance  lhall  happen,  it  may  be  found  in  the  Third  Axiom  in  this  manned 


As  the  Sine  of  the  Side  OX 

■  Is  to  the  Sine  of  the  oppofite  Angle  ZOX 

So  is  the  Sine  of  the  Side  ZX  ^  ^  •- 

■  oppofite  Angle  ZOX, 

Which  flKws  liow  far  the  Vertical  of  the  Plain,  which  palTeth  thr 
X,  is  to  be  diftant  from  that  Vertical  of  the  Plain  OZV. " 


.  - -  tmmrn  f  • 

The  Ufe  of  th^e  Problems  is  for  the  deferibing  of  Vertical  Circles  nar- 
lei  to  the  Equator,  and  parallel  to  the  Horizon. 

O  o  0  V  •  ' 


$4 
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In  the  firft  place  the  Gnomon  is  to  be  alTigned,  according  to  whofe  fitii- 
ation  and  length  all  things  whatfoever  that  arc  to  be  inlerted  in  Dials  arc 
determined. 

Therefore  any  Point  in  the  Stile  being  alligned  for  the  Apex  or  point  of 
the  Gnomon : 

A  right  line  from  that  point  perpendicularly  extended  to  the  Plain,  fliall 
be  the  length  of  the  Gnomon :  And  that  point  of  the  Plain  upon  which  that 
right  Line  falleth,  fhall  be  taken  for  the  foot  of  the  Gnomon. 

To  the  Gnomon  thus  conftituted,  are  to  be  fitted  both  an  Horizontal 
and  a  V ertical  Line  upon  the  Plain,  in  which  alfo  the  Zenith  of  the  Hori¬ 
zon  is  to  be  fixed,  all  which  we  fhall  ufe  in  the  defcription  following. 

The  Horizontal  Line  may  be  defcribed  by  marking  upon  the  Plain  a  Point 
e^uilibrio  with  the  Apex,  and  drawing  through  that  point  upon  the  Plain, 
a  Line  parallel  to  the  Horizon,  both  which  may  be  done  by  an  ordinary  In- 
clinatory  or  Quadrant,  or  by  any  other  apt  or  convenient  means. 

And  a  right  Line  drawn  through  the  foot  of  the  Gnomon,  perpendicular¬ 
ly  to  the  Horizontal  Line,  fhall  be  the  Vertical  Line  of  the  Plain  accomoda¬ 
ted  in  like  manner  to  the  Apex. 

Alfo  a  right  Line  perpendicularly  erected  from  the  Center  of  the  Earth,- 
to  the  Vertex  of  the  Horizon,  fhall  defign  out  (in' the  V  ertical  Line)  the  Ver¬ 
tical  Point  of  the  Horizon,  called\he  Zenith ;  which  alfo  the  concourfe  or  in- 
terfedion  of  the  Vertical  Line  with  the  hour-line  of  12  will  effeft. 

And  becaufe  below  the  Horizon,  there  is  nothing  in  the  Heavens  further 
difcerned,  therefore  in  the  Plain  nothing  is  to  be  defcribed  above  the  Horizon¬ 
tal  Line,  wherefore  it  behoveth  the  Artift  to  order  the  Apex  of  the  Gno¬ 
mon  in  fuch  a  place  of  the  Stile,  fo  that  all  things  may  be  defcribed  upon 
the  Dial-plain  in  a  decent  and  orderly  manner. 

In  the  lafl:  place,  all  things  depending  upon  the  Apex  of  the  Gnomon, and 
contained  between  the  Tropicks  and  the  Horizon. 

'To  defcribe  the  Azimuth  or  Vertical  Lines. 

I. In  any  Inclining  Plain,  from  the  Zenith  point  of  the  Horizon  noted  up¬ 
on  the  Plain,  defcribe  a  Circle,  in.  which  (from  a  Vertical  Line  drawn  upon 
the  Plain,. through  the  foot  of  the  Gnomon)  fet  off  fuch  Angles  as  are  equal 
'  to  thofe  Arches  found  by  the  firft  Problem, for  the  right  Lines  drawn  at  thofc 
Divifions  towards  the  true  Coaft  of  the  World  will  be  the  Vertical  Lines. 

In  an  Horizontal  Plain. 

I 

_  *  . 

The  equal  Angles  at  the  foot  of  the  .Gnomon  reckoned  from  the  South 

defcribe  the  Vertical  or  Azimuth  Circles. 

■ « 

In  any  EreB  Plain. 

The  Zenith  cannot  be  fixed,  neither  can  the  Vertical  Lines  meet,  therefore 
there  is  no  need  of  the  computation  of  the  firfl  Problem.  Only  the  forming 
of  the  Angles  at  Z,  or  of  the  Horizontal  Arches,  CF,  CG,  CH,  &c.  is  here 
required.  But  the  Tangents  of  thefe  Angles  (the  length  of  the  Gnomon  be¬ 
ing  made  Radius)  let  from  the  Foot  of  the  Gnomon  towards  their  due  Coaff, 
will  find  points  upon  the  Horizontal  Line,  by  which  Perpendicular  Lines  be¬ 
ing  let  fall  will  llipply  the  places  of  the  Veitical  Circles.  But  every  Azimuth 
Or  Tenth  Circle  may  bedefcnbe<l  from  the  Soutlijand  a  number  proper  there¬ 
to 
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to  afcribe,  viz,  10,20,  lo^&c.  Or  alfo  thofe  Sele£l  Points  anfwerable  to  the 
Points  of  the  Marriners  Compafs.  Eight  whereof  complete  a  Quadrant  or 
fourth  part  of  a  Circle,  and  to  the  fame  thofe  names  may  be  fixed  according 
as  every  Nation  denominateth  them. 

Laftly,  All  the  Ufes  of  the  Vertical  Circles  may  in  fome  meaflire  be  hither¬ 
to  transferred. 

To  Defcribe  the  Lejfer  Circles, 

I .  The  Parallels  of  the  Equator, 


I.  Seek  the  Diftance  of  the  Parallel  to  ibe  defcribed  at  every  hour  (hj 
Vrohl,  2)  then  making  the  length  of  the  Gnomon  Radius,  apply  thofe  Tan¬ 
gents  to  the  Hour-lines  from  the  foot  of  the  Perpendicular  Stile  for  where 
that  concourfe  or  interfe8;ion  is  made,  through  that  point  the  parallel  will 
pafs.  But  if  a  Seflion  appear  uncertain  or  dubious  ufethe  Appendix  of  Vrohl, 

2.  that  is,  enquire  in  what  Vertical  Circle  that  Se£i:ion  fhall  happen :  which 
being  known, if  from  that  part  of  the  Subftilar  Line  which  is  moft  convenient 
you  form  the  Angle  of  the  Vertical  in  the  foot  of  the  Gnomon,  you  will  have 
the  precife  SeHion  of  the  forefaid  Tangent  and  hour. 

.  By  thU  means  are  to  be  defcribed  Parallels, 

1.  Of  the  Signs  of  the  Zod. 

2.  Of  the  Diurn.  Arches, 

3.  Of  the  Latitude  of  Principal  Cities,  whence  you  may  know,  whether 
the  Inhabitants  offuch  or  fuch  a  Place  be  Anthifcii^Heterofcii^oi'  Perlfcii, 

4.  The  Parallels  proper  to  every  Feftival  Day,  and  fuch  like  things. 


But  the  ti’ue  Parallel  proper  to  any  defigned  bufinefs  is  firfi:  to  be  found  out, 
and  then  to  be  managed  according  to  the  requifites  of  Probl,  2. 

n.  The  Parallels  of  the  Horizon^  or  Almic  anther  as. 

The  Almicanters  are  to  be  infered  into  the  Vertical  Lines  in  the  fame  man¬ 
ner  as  the  Parallels  of  the  Equator  were  into  the 
hour-lines. ,  for  the  Tangents  of  the  Diftances 
f'found  by  Probl,  3.)  fet  from  the  foot  of  the  Gno¬ 
mon  (to  whofe  length  alfo  the  Tangent  is  to  be  li- 
mitted)to  their  proper  V erticais,  will  give  the  Points 
through  which  the  Oblique  Line  reprefenting  the 

Almicanth.  is  to  be  drawn : - But  if  the  SeHion 

appear  dubious,  a  remedy  for  this  inconvenience 
may  be  ufed  from  the  Appendix  of  Prob'l,  3.  For 
thence  it  will  appear  what  Vertical  Line  numbred, 
from  the  Vertical  in  the  Plain  V  Z,  lliall  pafs  thro’ , , 
that  fame  Se0:ion ;  Which  if  (from  that  part  of 
the  Vertical  V  Z  which  you  fee  moft  convenient) 
you^exprefs  in  a  due  Angle  framed  at  the  foot  of  the 
Gnomon  you  will  have  the  exaH  point  of  Seftion. 

In  this  manner  may  be  inferibed  every  10  ParaL 
lei  from  the  Horizon,  thence  fo  to  be  numbered  by 
10, 20,  ^o,  &c,  or  ‘from  them  fome  more  fcle8:, 
which  v/ill  Ihew  the  Proportions  of  Shadows  to 
their  Gnomons :  fuch  as  are  thefe  to  be  Numbred  from  the  Vertex,  not 
jfrom  the  Horizon,  Of 
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Of  the  Hours  of  other  Nations^  and  how  they  may  he  pit  into  DiaU 

Plains, 

i  « 

The  Aftronomers  and  Umbreans  number  equal  hours  from  South 


to  South. 

The  Egyptians  and  Romans  from  Midnight ,  as  we  ufe  alfo  .to  do  in 
our  Civil  Account. 

To  both  thefe  Computations  thofe  hours  fuffice  which  we  before  taught 
how  to  inferibe. 

The  Bohemians  and  Italians  dill  retain  their  equal  hours,  but  begin  thdr 
Numeration  from  Sun  Setting. 

The  Babylonians  and  Balearick  Elands  begin  from  the  Sun  Rifing. 

The  Jews  were  wout  to  divide  every  Day  fand  Night)  into  12  Parts,  the  ^ 
number  whereof  among  them  began  at  Sun  Rifing,  and  ceafed  at  Sun  Set-  . 
ting :  The  hours  from  Sun  Rifing,  and  Sun  Setting  are  eafily  inferred  ;  if  firfir 
thefe  Parallels  of  the  Diurnal  Arches  which  anfwer  to  the  like  number  of 
hours,  (i.  e,)  8, 10, 12, 14, 16,  be  deferibed.  For  the  Sun  Rifing  in  the  EalP- 
crly  Horizon  is  the  beginning  of  the  hours  from  the  Eafi:.  And  his  Setting  in 
the  Wefterly  Horizon  is  the  beginning  of  hours  from  the  Weft. 

If  therefore  a  right  Line  be  drawn  through  the  two  firlf  Horary  Points 
from  the  Horizon  in  any  two  Parallels,  it  will  be  the  firfl:  hour  from  the 
Eaft,  or  the  2^  deg,  from  Yefterdays  Weft.  And  if  through  the  two  fe- 
cond  Horary  Points  from  the- Horizon,  a  fecond  right  Line  be  drawn,  that 
alfo  will  be  the  fecond  hour  from  the  Eaft,  and  the  22.  from  the  Weft ; 
and  fo  of  all  the  reft. 

The  Jewifh  hours  (which  are  alfo  Planetary)  are  by  the  fame  artifice  in-.  - 
ferted  :  For  if  in  the  Parallels  of  the  Diurnal  Arches  of  the  hours  of  s  5  and 
9,  right  Lines  be  deferibed  through  each,  there  +  here  i  from  the  Horizon, 
they  will  give  the  Judaick  hours,  which  alfo  will  pafs  exactly  enough  thro’ 
the  equal  hours  in  the  Equator ;  For,  if  we  look  to  the  exaftnefs  herein,  the 
Planetary  hours  cannot  be  fhadowed  out  by  right  lanes  becaufe  in  the 
Sphere  they  are  not  great  Circles. 
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The  Eighth  TR  ACTATE. 


FIRST,  :  :  - 

Gf  CONCAVE  DIALLING; 

SHEWING,' 

How  to  draw  Hour-lines  in  the  Infide  of  any  Re¬ 
gular  Concave  Hemifphere  in  any  Pofition, 
either  Parallel ,  Perpendicular,  or  Oblique  to 
the  Axis  of  the  World  : 

A  N  D  A  L  S  O, 

To  defcribe  the  Parallels,  Azimuths,  Almicantars,  and  other 

Furniture  into  fuch  Concave  Dials* 

•  » 

# 

These  Regular  Concave  Hemifpheres,  (for  of  fuch  now  we  only 
treat)  are  the  mofl:  natural  Plains  upon  which  Hour-lines  may, 
be  defcribed,  for  that  they  do  fo  naturally  reprefent  the  Sphere,' 
and  the  manner  how  the  Hour-lines  and  other  Furniture  may 
be  infcribed  upon  them,  is  .no  lefs  eafie,  and  how  both  may  be  efFefted, 
fhall  be  the  Work  of  this  Traftate. 


CHAP.  L  -  -  - 

To  make  a  Vertical  or  Horizontal  Concave  Dial, 

'  I  \  / 

HAving  a  Concave  Hemifphere  prepared  :  as ,  S  N  E  W.  divide  the 

Limb  into  4  Quadrants,  noted  as  the  former  Letters ;  one  of  the  j 
Quadrants  divide  into  90  degr.  open  your  Compalfes  to  the  Quadrant,  and  '  *  ^ 
fettingone  foot  uponE  or  W.  with  the  other  draw  the  Meridian  or  1 2th  hour  ^ 

P  P  P  SZN.-  ^  ^ 
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S  Z  N.  take  out  of  the  Quadrant  the  Latitude  5 1  deg.  jo  min.and  fetthofe 
degrees  upon  the  Meridian  fi*om  S.  towards  Z  to  P.  which  F  fhall  be  the  Pole 
of  the  World ;  then  placing  your  Compares  upon  P.  (they  being  opened  to  a 
Quadrant)  draw  the  Equator  E^W.  which  divide  into  12  equal  parts; 
yqi^  Cprtipaff^'  being  opened  as  before  to  a  Quadrant,  and  one  foot  being 
placed  in  thofe  marks  made  In  the  Equator,  with  the  other  foot  defcribe  Gr- 
cles,  which  fhall  be  the  Hour-lines  required ;  the  Stile  muft  be  erc6:ed  in  P. 
with  an  Angle  equal  to  the  Latitude ;  equal  to  the  length  of  60  deg.  of  the 
Quadrant,  the  top  muft  hang  over  the  Centre  Z.  and  be  parallel  with  the 
Limb,  or  ered  a  Style  in  the  Point  Z  of  the  fame  length  with  the  former 
t  which  fhall  fhew  the  hour  with  the  Top  only. 


d  H  A  II. 

■v 

'To  make  an  EreS^  Dire^  South  or  North  C  oncave  Dial, 

This  Dial  is  made  altogether  like  tlie  former ,  only  infiread  of  fet- 
ting  of  the  Latitude  from  S  to  P.  you  muft  only  fet  off  the  Com¬ 
plement- of  the  Latitude,  and  the  Hour-lines  only  from  6  to  d,  are  de- 
feribed  therein,  the  reft  of  the  Hour-lines  are  referved  for  a  Vertical  Dial 
beholding  the  North.  ' 


CHAP.  III. 


To  make  a  Meridlanal  Ere&,^  Direff^  Ea§l  or  We§l  Concave  Dial. 

Figure  E  T  the  Hemifphere  be  Z  S  N  G.  the  Limb  being  divided  into  four 
n.  I  i  Quadrants,  one  of  thofe  into  90  deg.  From  N.  upwards,  and  from  S<< 
^  downwards,  fet  the  Latitude  to  P.  then  open  your  Compalfes  to  a'  Quadrant 
6  -y  one  foot  in  P.  with  the  other  draw  the  Circle  Q  E  A.  which  Semicircle  di- 
^  vide  into  twelve  equal  parts,  your  Compafs  being  opened  to  a  Quadrant,  one 

'  foot  placed  in  eachofthefe  marks,with  the  other  draw  Circles  which  fhall  be 
the  Hour- lines  required ;  as  in  the  Figure.  The  Style  may  be  a  wire  laid  from 
P  to  P.  or  a  wire  ereQ;ed  in  ihe  Center  E  equal  to  the  Semidiameter  of  the' 
Quadrant ;  for  better  Inftruftion  fee  Figure  II.  which  is  an  Eaft  Dial. 

In  tlie  fame  manner  is  an  Equino8:iai  Dial  made,  only  all  the  hours  from' 
fix  in  the  Morning  till  fix  at  Night,  muft  be  drawn,  as  the  reft  above  thofe 
proper  for  the  Eaft  or  Weft  Dials  are,  and  as  the  pricked  hours  987  and  6 
in  the  Figure  are. 

Alfo  the  Hour-line  of  fix,  viz.,  the  Line  P.  VI.  P,  muft  be  P  1 2  P,  and  the 
reft  numbred  as  in, the  Figure  is  exprelTed  and  numbred  with  Arithmetical 
Figures. 


C  H  A  P.  IV. 

T%  make  a  Vertical^  or  EreB  South  or  North  Declining  Concave  Dial, 

i  _ 

X^Our  Concave  being  prepared  and  quartered  and  marked  with  the  Let- 
Ul.  2  N  E  Wj  your  Compaffes  being  opened  to  a  Quadrant,  and  one 

foot  in  Z  or  N,  draw  the  Horizontal  Circle  E  S  W*  take  the  Declination  and 

Kcf*  -  pi  ick 


/ 
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prick  it  down  in  the  Horizontal  Line  from  W  to  H,  one  foot  of  your  Com- 
palfes  remaining  in  H,  being  opened  to  a  Quadrant  deferibe  the  Meridian  or 
hour  of  XII.  in  which  from  Z  fet  off  the  Complement  of  the  Latitude, or  from 
its  interfe8;ion  with  the  Horizontal  Line  fet  off  the  Latitude  to  P,  one  foot  of 
your  Compaffes  in  P,  with  the  other  (the  Compaffes  being  opened  to  a  Qua¬ 
drant)  draw  the  Equator  Q^  A,  and  where  it  is  interfe&d  by  the  hour  of 
1 2,  begin  to  divide  it  into  1 2  equal  parts,  one  foot  of  your  Compaffes  being 
placed  in  each  of  thefe  Points,  and  being  opened  to  a  Quadrant,  draw  Lines 
which  fhall  be  the  Hour-lines  required ;  for  the  Style,  that  muft  be  erefted 
in  the  point  P,  and  the  top  of  it  muff  pafs  through  the  Center  of  the  Limb  of 
tjae  Concave  and  be  equal  to  the  length  of  60  deg.  of  the  Quadrant,  or  you 
may  ereff  the  Style  in  the  point  S  perpendicular  to  S,  the  length  equal  tq 
the  former,  which  will  fliew  the  hour  of  the  day  with  the  very  top  of  it  j 
for  your  better  inftruftion  fee  Figure  III, 


C  H  A  P.  V. 

'  'To  make  a  South  or  North  Reclining^  Declining  Conda*ue  DiaU 

YOur  Concave  being  prepared  as  before,  quartered  and  divided,  one  Qua-  Figure 

drantinto9odeg.letthcConcavebemark’d withtheLettersE W NS*  IV„ 

Firit,  draw  the  Horizontal  Line  in  the  Circle  S  N,  from  S  fet  off  the  Reelina- 
tion  to  H,one  foot  of  the  Compaffes  in  H  being  opened  to  a  Quadrant,  deferibe  ^ 

the  Horizon  E  M  W,  in  which  according  to  the  Declinations  from  W  or  E, 
fet  off  the  Declination,  and  one  foot  of  your  Compaffes  being  in  that  Point 
witli  the  other  deferibe  the  Meridian  or  hour  of  XIL  from  M,  its  interfe^fion 
with  the  Horizontal  Line  in  the  Meridian  fet  off  riie  Latitude  toP,foPIhall 
be  the  Pole ;  in  P,  with  the  Compaffes  opened  to  a  Quadrant  draw  die  Equa¬ 
tor,  and  where  it’s  interfe6fed  by  the  Meridian,  begin  anddivide  it  into  ii 
^quai  parts,  which  you  may  do  by  15  deg.  of  the  Quadrant,  yqur  Compaffes 
being  opened  to  a  Quadrant,  fetting  onefdot  in  each  of  thefe  Points,  With  Ae 
other  foot  deferibe  Circles,  which  fliall  be  the  Hour-lines  required ;  for  the 
Style  it  muft  be  erected  in  the  Point  P,  and  come  to  the  Center  of  the  JLinib, 
and  muft  be  the  length  of  60  deg.  of  the  Quadrant,  or  you  may  as  befor^e 
'cre(Et  a  Style  in  the  Center  L,  of  die  fame  length  to  Ihew  the  hours  with  its 
top ;  for  yom*  better  inftroAron  behold  the  Figure. 

C  H  A  P.  VL 

-■  I 

'To  make  a  Polar  Concave  Diah 

A  Polar  Concave  Dial  is  no  other  than  an  Horizontal  Dial  in  the  Lati¬ 
tude  of  90  deg.  and  of  all  others  is  mofteafieto  be  made,  for  if  you 
divide  the  Limb  of  the  Concave  Hemifphere  into  24  equal  Parts,  and  from 
the  Center  of  the  Hemifphere  (by  help  of  a  thin  Ruler  that  will  bend)  draw 
ffrait  Lines  to  each  of  them,  thofe  fhall  be  the  true  Hour-lines. 

For  the  Style,  it  mtift  be  a  ftrait  Wire ,  perpendicularly  erefted  in  the 
Center  of  the  Concave,  whofefhadow  will  at  all  times  (the  Sunlhining) 

■give  the  hour  of  the  day,’  and  the  hours  in  thefe  Dials  muft  be  numbred 
from  XU  to  XIL' 
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CHAP.  VII. 

To  draw  the  Hour -lines  in  a  Concave^  when  the  Axk  cuts  the  He- 

mifphere  into  two  unequal  Parts, 

Figure  "1^  E  T  the  Hemifphere  be  A  B  C  D,  and  the  Axis  ABE,  on  the  Point  E  de- 
V.  I  j  fcribe  a  Circle,  which  begin  and  divide  into  24  parts  upon  foine  Plain, 
and  from  the  Center  E ;  by  thofe  parts  draw  Lines,  which  fliall  divide  the 
Circumference  A B C  D  into  24  unequal  parts,  the  Circle  CEDmuftbc 
divided  into  fuch  unequal  parts,  and  they  fhall  be  the  Points  by  which  the 
hours  muft  pafs ;  then  for  the  finding  of  the  Center  by  which  the  Hour-lines 
fhall  pafs  in  the  Spherical  Body,  do  thus :  To  find  the  Centers  of  1 1.  or  i.  the 
Hour* line  of  1 1.  is  marked  F G,  divide  the  Circumference  betwixt  F  and  G 
into  two  parts  at  H,  fo  H  fhall  be  the  Center  for  the  drawing  of  the  Circle  of 
II,  if  E  be  the  Pole,  but  if  A  and  B  be  the  Poles,  then  the  dilfance  between 
E  and  H,  or  G  and  H  fhall  be  the  Centers  for  drawing  of  the  hours  of  feven 
and  five,  by  placing  one  foot  of  your  Compalfes  in  7  or  5,  and  turning  the 
other  foot  into  the  Circle  C  E  D,  fhall  give  the  Centei-  for  thofe  Hour-lines^ 
and  in  like  manner  you  mull  find  the  Centers  for  the  reft  of  the  Hour-lines. 
The  Stile,  (if  A  B  be  the  Poles)  may  be  a  Wire  laid  from  A  to  B  ;  but  if  E 
be  the  Pole,then  you  muft  ereft  a  Wire  in  the  Point  E,  equal  to  the  length  of 
the  Line  E  B,  as  is  done  upon  the  Plaiq*  or  equal  to  half  the  length  of  the 
Line  A  B  the  top  of  the  Style  muft  hang  over  the  Point  E,  and  be  even  with 
the  top  of  the  Concave ;  fee  the  Figure. 


CHAP,  VIII.'  ■  ‘ 

/  I 

To  draw  the  Hour-lines  in  a  Concave  when  the  Axis'  doth  but  only 

touch  the  Superficies  of  the  Sphere, 

IF  the  Axis  cut  the  Sphere  in  one  point  as  P, .  and  the  Axis  be  perpendicular 
top;  for  the  drawing  of  the  Hour-lines  do  thus,  divide  fue  Circumfe¬ 
rence  or  Limb  into  12  equal  parts,  beginning  at  P ;  for  the  drawing  of  the 
Hour-lines  divide  the  fpaces  betwixt  P,  and  the  interfeQ:ions  of  the  Hour-lines 
in  the  halves,  and  thofe  lhall  be  the  Centers  for  the  Hour-lines :  But  if  the 
Axis  be  A  P  X,  then  divide  the  Circle  P  M  into  fix  equal  parts ;  then  to  find 
the  Centers  divide  the  foaces  betwixt  the  Pole  P,  and  the  Divifions  into 
halves,  and  thofe  Points  fhall  be  the  Centers  of  the  Hour-lines ;  for  your  bet¬ 
ter  inftruaion  behold  the  Figure. 


CHAP. 


•d 
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C  H  A  P.  IX. 


T 0  defer  the  the  Furniture  upon  Concave  Sun-Dials. 


SECT.  I.  To  draw  the  Parallels  of  the  Sun  s  Declination^SiC.  in 
any  Concave  Dial  in  which  the  Aids  fajfes  through  the  Center. 


<J:i  E  Equator  being  drawn,  fet  off  the  degrees  of  Declination  from 
the  Equator  in  the  Meridian  of  the  Plain  or  Subftilar  both  up¬ 
wards  and  downwards ;  then  place  one  foot  of  your  Cbmpaffeii 
in  the  Pole,  and  extend  the  other  to  thole  you  marked ;  from  the 


Equator,  draw  Circles,  which  Ihali  be  the  Parallels  of  the  Sun’s  Declination 
requii^ed,  as  for  example,  the  drawing  two  Tropicks,  which  decline  2^  deg, 
min.  from  the  Equator ;  take  2^  deg.  30  min.  and  prick  it  down,  in  the 
Meridian  both  ways,  and  place  one  foot  of  your  Compaffes  in  the  Pole, 
with  the  other  extended  to  the  23  deg.  30  min.  deferibe  the  two  Tropicks, 
as  in  Figure  1.  appears. 


SECT,  II.  To  draw  the  Azimuths  or  Vertical  Circles, 


Divide  the  Horizon  intd  180  deg.  beginning  where  it’s  interle£led  by 
the  Meridian,  if  you  would  draw  every  10  Azimuth,  then  you 
may  only  divide  it  into  18  equal  parts,  beginning  at  the  fame  place ;  but 
if  you  would  only  draw  every  1 5  Azimuth,  then  divide  the  Horizon  into 
12  parts,  beginning  as  before  at  the  Meridian  ;  if  you  would  draw  the 
Points  of  the  Compafs,  divide  the  Horizon  into  16  parts,  then  open  your 
Compaffes  to  a  Quadrant,  place  one  loot  in  any  of  thofe  Divifions,  where 
the  other  foot  interfe6ls  the  Horizontal  Line  fhall  be  the  Center  for  draw¬ 
ing  that  Azimuth. 


SECT.  III.  To  draw  the  Almicanthers, 


SECT.  IV.  To  draw  the  Planetary  or  unequal  Hours  in  any 

Concave  Dials* 


T^Or  the  drawing  of  the  Planetary  or  unequal  hours,  having  firft  deferibed 
In  the  Horizon,  Equator,  and  the  two  Tropicks,  divide  that  part  of  the 
Tropick  which  is  intercepted  betwixt  its  interfeffion  with  the  Horizontal 
Circle,  into  1 2  equal  parts  beginning  at  1 2,  the  Equator  being  before  divided 
fiito  12  equal  parts  by  the  Hour-lines,  open  your  Compaffes  to  a  Quadrant, 

Q  q  q  one 


Aving  found  the  Points  of  Zenith  and  AW/V,the  diftance  of  thele  Points 

_ to  the  Horizontal  Line  into  90  deg.  one  foot  being  placed  on  one  of 

bfe  Points,  the  other  extended  to  thofe  degrees.  Circles  drawn  from  one 
Tropick  to  another  fhall  give  Almicanthers  or  Circles  of  Altitude. 

The  Proportion  of  the  Shadow  to  a  Gnomon  may  alfo  be  drawn  on  the 
fame  manner. 
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one  foot  being  placed  in  one  of  thofe  Divifions,  move  the  otlier  foot  until 
you  find  the  Center,  which  will  draw  both  thofe  Points  into  one  Circle,  and 
draw  Circles  which  fhall  be  the  unequal  hours  required. 

S  E  C  T.  V.  To  draw  the  Hours  from  Sun  Rife  to  Sun  Set^ 
called  the  Italian  and  Babylonifh  Hours, 

\  I  -  ‘ 

PLace  one  foot  of  ther  Compalfes  in  the  Pole,  and  extend  the  other  to 
the  interfe£lion  of  the  Horizon  and  Meridian,  and  defcribe  the  Pa¬ 
rallel  of  the  Latitude,  which  fhall  be  divided  into  24  equal  parts  by  the 
Hour-circles,  place  one  foot  of  your  Compalfes  in  each  of  thofe  Divifions 
(the  CornpalTes  being  opened  to  a  Quadrant)  the  other  foot  being  placed, 
within  the  Circle  of  the  Latitude;  in  the  Hour-circle  which  palfes  through  .. 
the  Point  where  the  Compalfes  is  fet  in  the  Circle ;  making  that  the 
Centre  defcribe  Circles  from  oneTropick  to  another,  which  fhall  be  the 
Hour-lines  from  Sun  Rife  to  Sun  Set;  and  fliall  pafs  by  the  interfedioh  of 
■  the  Hour-lines  and  the  Equator. 

You  may  alfo  draw  the  Circles  of  Pofition.,  the  Signs  in  the  Meridian^  the 
Signs  afcending  and  defending,  Circles  of  Longitude,  with  many  other,  as 
the  Parallels  of  the  length  of  the  Day  and  Night ,  the  Parallels  of  the  Surfs 
Kifings  and  Settings,  the  Day  of  the  Month,  and  tlie  Zg)di.uk. 

SECT.  VI.  To  draw-  the  Equator,  Parallels  of  Declina-^ 
tion,  ^c,  in  a  Concave  Dial ,  when  the  Axu  cuts  it  into  two 
Unequal  P art s,^  or  at  Oblique  Angles, 

ON  that  Point  of  the  Axis  which  you  alfign  for  the  Center  of  the 

World  defcribe  a  Trigon  of  the  Signs,  or  Parallels  of  .Declination, 

fo  the  middle  Point  upon  the  Limb  betwixt  thofe  Tnterfe£lions  fhall  be  the. 

Centers  for  the  defcribing  of  the  Parallels,  &c, 

* 

I  fhall  not  need  to  give  Examples,  or  make  any  Scheme  for  the  farther 
illuftrating  of  what  I  have  here  faid  concerning  the  infcribing  of  the 
Furniture  into  thefe  Concave  Dials ,  for  what  hath  been  already  deli¬ 
vered  in  the  Fourth,  Fifth  and  Sixth  Tradates ,  and  that  which  fol** 
loweth  in  the  Ninth,  Tenth  and  Eleventh  Traclates,  will  make  i% 
very  obvious  to  the  meaneft  Capacity,  and  fo  I  will  conclude  this  ^ 

■  Concave  Dialling.  ' 


SECOND- 


c  .  '  -  '  f 


s 


Of  Convex  and  Cylindrical  D  L  A  L  L  IN  G.  <^3 

SECONDLY, 

Of  CONVEX  DIALLING; 

SHEWING, 

How  to  make  a  Dial  upon  the  Convex  Superficies  of  a  Clobe^  which 
Jhall  jhew  the  Hour  by  the  Shadow ,  which  feparateth  the  JZn-- 
,  lightned  Hemifphere  from  the  Opacom.  * 

E  Performance  hereof  is  very  eafie,  for  (the  Globe  being  truly 
1  Spherical)  Equinoliial Circle^  thttwoTropicks^  and  (if  you 

i  pleafe)  the  two  EoUr  Circles ,  which  will  be  neceflary  for  orna- 
meet  only  to  be  deferibed  thereon, and  the  Equinoctial  divided  into 
equal  Parts,  and  Points,  or  Stars,  or  other  marks  there  made,  they  fhall  be 
the  true  Hour-points :  And  if  thisGlobe  befet  upon  a  Neck  or  Pedefial^  and 
the  Poles  of  the  Globe  fo  elevated  and  deprelTed  as  to  refpeft  the  real  Poles  in 
the  Heavens,  and  one  of  the  Hour-points,  which'muft  have  the  Number  VI. 
fet  to  it,  to  behold  the  Meridian  of  the  Place,  then  will  the  two  XII.  of  Clock 
Hour-points  behold  one  the  Eaft,  and  the  other  the  Wefl  Parts  of  the  Hori¬ 
zon  ;  And  then  the  Sun  at  all  times  fliining  upon  the  Globe,will  Enlighten  one 
Hemifphere,  and  the  other  will  be  Shadowed,  and  where  the  Line  of  Shadow 
falleth  amongft  the  Hour- points  upon  the  Equino6lial,it  fhall  there  fl:ewthe 
hour  of  the  Day  in  two  places ;  namely,  one  on  the  Eaft,  and  another  on  the 
Weft  Side  of  the  Globe.  And  let  this  fuftice  for  Convex  Sphericals. 


THIRDLY, 

Of  CYLINDRICAL  DIALLING, 

EITHER  ,  ■  . 

CONVEX  or  CONCAVE. 


I.  Ofthofe  that  fall  in  a  Right  Sphere^  i.  e.  fuch  as  lie  Parallel  to  the 
Axis  of  the.World^  and  their  Bafes  Parallel  tothe  EquinoBiaL 

Our-lines  may  be  drawn  upon  thofe  Cylinders  with  great  eafe  and 
facility,  although  in  them  there  may  be  various  Pofitions  of 
the  Axis. 

I.  If  the  Axis  fall  in  the  very  Centre  of  the  Bafe  of  the  Cylinder ;  Then,  di¬ 
vide  the  Circumference  of  the  Bafe  of  the  Cylinder  into  24  equal  parts,  and 
draw  Lines  from  the  Centre  to  each  of  thofe  Points ,  which  fhall  be  the 
pour-lines  for  the  Bale  of  the  Cylinder :  — -r~  And  where  thofe  Lines  cut  the 

,  Circum? 
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Circumference,  Lines  drawn  from  them  down  the  Cylinder’s  Side,  they  fliall 
be  the  true  Hour-lines,  which  will  be  all  parallel  each  to  other. 

II.  Jf  the  Point  of  the  Axis  fall  not  jusl  in  the  Center  of  the  Bafe  of  the  Cy¬ 
linder,  Through  that  Point  where  the  Axis  falls,  and  the  Centre  of  the  Cy¬ 
linder  draw  a  line,  and  with  a  pair  of  CompafTes  take  the  neareff  diftance 
from  the  Axis-point  to  the  Circumference  of  the  Cylinder,  and  with  that 
diftance  upon  the  Axis-point  deferibe  a  Circle,  which  divide  into  24  equal 
parts,  (beginning  at  the  Diameter  firft  drawn)  Lines  drawn  from  the  Axis- 
point  through  every  of  them,  and  extended  to  the  Side  or  Circumference  of 
the  Bafe  of  the  Cylinder  fhall  be  Hour-lines,  and  again  Lines  drawn  from 
them  down  the  Side  of  the  Cylinder  fhall  be  Hour-lines  alfo.  1 

III.  If  the  Point  of  the  Axis  fall  in  anyfart  of  the  Periferie  of  the  Cylinder‘s s 
Bafe,  Then  divide  the  Circumference  of  the  Cylinder's  Bafe  into  1 2  equal 
parts,  beginning  at  the  Axis-point ;  Lines  drawn  from  thence  to  the  feveral 
Points  in  the  Periferie  of  the  Circle,  and  alfo  down  the  Cylinder’s  Side,  they 
fhall  be  the  Hour-lines. 

•  IV.  If  the  Axis-point  fall  without  the  Bafe  of  the  Cylinder,  Then  the  di¬ 
ftance  between  that  Point  and  the  neareft  part  of  the  Periferie  of  the  Cylin¬ 
der’s  Bafe  being  made  Radius,  and  a  Circle  (or  Semicircle)  be  thereon  de- 
feribed,  and  divided  into  1 2  equal  parts  ;  then  Lines  drawn  from  the  Axis- 
point,  through  thofe  Divifions  fhall  each  of  them  cut  the  Periferie  of  the 
Cylinder’s  Bafe  in  two  Points ,  from  which  Lines  drawn  from  one  to  the 
other  (each  to  his  correfpondent)  they  fhall  be  Hour-lines,  and  from  thofe 
Points,  Lines  muft  be  drawn  down  the  Side  of  the  Cylinder  alfo. 

More  might  be  faid  concerning  drawing  Hour-lines,  and  other  Furniture 
alfo,  upon  Cylinders,  and  other  Solid  Bodies  either  Regular  oiTrregular,  as 
alfo  of  Rings,  Qiiadrants,  Parallelograms  and  other  Dials,  which  give  the 
hour,  &c,  by  help  ol  the  Sun’s  Altitude ,  the  making  whereof  is  fo  w^ell 
known  to  every  Artificer,  and  Maker  of  Mathematical  Inftruments,  that 
nothing  more  of  it  need  be  laid  in  this  place.  And  befides  the  Precepts  deli¬ 
vered  in  the  Fourth,  Fifth,  Sixth,  Ninth  and  Tenth  TraHates  hereof  are* 
fo  ample,  that  it  were  but  AHum  agere^  to  fay  any  thing  more  goncerning 
thefe  Matters  :  Arid  fo  I  conclude  this  1  raclate. 

.  '  I 


The  End  of  the  Eighth  TRACTATE. 


PROJECTIVE 


CONTAINING, 

Several  General  and  nioft  Eafie  Ways  to  ProjeB 

.  Hour-Lines  upon  all  kinds  of  Superficies  ^  whether  Plain  or 
Carded ;  One  pr  Many ;  Contigmm  or  Separate  :  and  that 
without  any  regard  had  to  their  Situations ,  either  in  re:^eSt 
of  Declination^  Re clination  ov  Inclination:  ; 

I 

AND  ALSO,  .  ‘  ^ 

How  to  infert  all  ufual  Furniture  into  Sun-Dials^  drawn  upon 
fuch  Superficies  ;  by  the  Joynt  life  of  the  Horizontal  Proje^ 
Sion  or  Planifpheres  ^  and  a  Semicircle  or  Quadrant  fitted  for 
thofe  Performances. 


.  .The  Ninth  TRACT  AT  Er 


PROEM 


\ 


'iirju 
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\r  B  ~<>H  Precepts  in  this  following  TraBafe  delivered,  ttiofi  of  thein 
(  with  little  alteration  )  are  the  Inventions  and  Pra6iices  of  the 
late  Learned  and  Induftrious  Mr*  Samuel  Fofier^  fometime  Afiro» 
nomical  Profeffor  in  Qrefham  College  in  London ;  and  fome  of  them 
Were  Printed,  Anno  1659.  \n\m  Pofihumous  Mifcellanies :  And  others  of  his 
(not  there  Printed)  are  here  added,  as  they  were  tranfcribed  out  of  a  Ma^ 
mfcript  of  his,  which  (for  the  excellency  of  many  things  thereiri  contained) 
he  Entituled  GOLD.  Thofe  which  I  found  there  concerning  ProjeUive 
Dialling  are  here  inferred  :  and  others  which  concern  Reflexive  and  Refra- 
ilive  Dialling  fhall  come  in  their  proper  places. 

The  Precepts  in  this  Traclate  being  performed  (for  the  mod:  part)  Meca- 
nically  and  by  Infirumental  Operation^  and  not  by  Geometrical  ProtraTlion  ;  apt 
and  proper  Schemes  or  Diagrams  cannot  be  expeded  to  every  diftinft  Chapter 
or  Sellion,  for  that,  to  the  Ingenious  would  be  unnecelTary :  And  befides,  it  is 
fuppofed  the  Reader  tobe  already  acquainted  (at  lead, in  part)  with  what  hath 
been  delivered  in  the  foregoing  Trail ates ;  and  then,  the  Precepts  themfelves, 
without  Examples  will  be  fufficient  for  the  underftanding  of  what  fhall  be  de¬ 
liver’d  in  this  Tra6late :  Notwithftanding, There  are  in  fcveral  places  Illuftra- 
tive  Schemes  inferced,  by  which,  whatfoever  is  there  only  verbally  expreffed, 
may  beoccularly  difcerned ;  nay,  I  may  aver,  will  give  moreiight  to  the  Ca- 
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PROJECTIVE  DIALLIMG. 

of  thofe  numbers,  and  write  them  in  thefixth  Column,  under  the  numbei's 
there  already  placed,'  you  fliall  then  have  the  lengths  of  the  Semidiameters  of 
the  fame  feveral  Parallels.  And  laftly,  if  from  each  of  thefe  Semidiameters, 
you  take  the  Tangents  of  the  fourth  Column,  which  were  before  tranllated 
and  are  already  handing  in  the  fixth  Column,  every  couple  as  they  hand,then 
fliall  you  produce  the  dihances  of  the  Centers  of  every  Parallel, from  the  Cen¬ 
ter  of  your  Projection,  which  is  the  thing  now  required.  Andfo  the  num¬ 
bers  of  the  feeond  Table  are  made  up  alfo. 

See  here  the  Form  of  the  whole  Cdculation,  . 

The  Firft  Table. 


Arches 

Halfs 

Tangent  I 

Diamet, 

- 

$ 

28.00 

105.00 

14.00 

52.50 

'  24932 

150522 

155254 

24932 

77627, 

s 

i 

\ 

Si 

106. 17 

54.00 

27985 

158515 

166296 

^79^3 

83148 

n 

n 

40.00 

1 1 7.00 

20.00 

58.50 

36597 

163185 

199582 

99791 

.  ^ 

51.50 

128.50 

25.45 

64.15 

48254 

207321 

255555 

i 

48254 

127777 

T 

63,00 

149.00 

51.50 

.70.00 

61280 

274747 

336027 

61280 

168013 

X 

- 

L 

7MJ 

148.45 

85-5I 

74.21 

72255 

556956 

429211 

72255 

214605 

MM 

MW 

V9 

75.00 

152.00 

87-50 

76.00 

76732 

401078 

477810 

76732 

258905 

Xf 

1 1  CoL 

2  Col, 

^Col. 

4  Col, 

5  Col, 

6  Col, 

The  Second  Table. 


Tab,  of  Centers, 

Tab,  of Interfecl, 

52695 

© 

© 

24932 

55165 

ir 

SI 

27983 

63394 

b- 

36397 

79543 

Y 

48254 

106755 

>  K 

'  ra 

•  61280 

.142350 

MW 

72255 

162173 

76752 

PROJECTILE  DULLING.  69 

How  to  make  the  Table  of Interfe&ioris  j  and  of  Centers  more  fully. 

i.'T^AKE  half  the  complement  of  your  Latitude,  and  comparing  it 
1  with  3  5  deg.  1 5  min.  find  out  both  the  fum,  and  difference  of  them, 
and  fetthis  fum  and  difference  in  the  uppermoft  cell  of  the  Arches  anfwerin'g 
to  Cancer  00  deg.  and  for  better  diftinft ion,  note  them  with  A  and  B.  Thefe 
two  numbers  are  for  the  firfi:  point  of  Cancer^  and  are  as  Radical  Numbers, 
by  help  of  which  all  the  reft  are  made.  '  • 

2.  To  thefe  two  numbers  A  and  B,  add  fuch  numbers  of  the  Table  follow¬ 
ing  as  do  ftand  at  fuch  degrees  (of  every  Sign)  as  you  intend  to  put  into  your 
projeftion  (as  in  a  large  one  of  inches  diameter,  you  may  infert  every  de¬ 
gree,  or  each  two  degrees  for  one  of  15  inches,  or  each  third  degree  for  10, 
or  each  fifth  degree  Tor  fix  inches  diameter)  and  place  each  couple  of  thefe 
laft  Produds  in  one  cell,  fo  fhall  you  make  up  the  column  of  Arches,  fuch  as 
in  the  following  Table  made  for  the  Latitude  of  5 1  deg.  3  o  min.  to  the  begin¬ 
ning  of  each  Sign,  only  for  an  example^ 

3.  For  thefe  Arches  of  the  firft  column,  fet  the  Tangents  belonging  there¬ 
to,  as  appeareth  in  the  fecond  column  by  the  numbers  C  and  D,  &c, 

4.  Then  for  the  third  column  of  Diameters,  and  Semidiameters,  it  is  thus 
perfefted,  add  the  two  Tangents  ftanding  together  in  each  cell,  and  put  the 
fum  of  them  in  the  third  column,  in  the  lame  line  with  the  uppermoft  of  the 
fecond  column ;  So  fhall  thefe  fums  be  the  Diameters  of  fuch  Parallels  in  the 
Projedion  as  do  pafs  through  the  above-mentioned  degrees,  chofen  for  the 
Projeftion.  So  C  D,  added  together,  make  E :  G  H  make  I :  L  M  make  the 
number  N,  &c, 

5.  If  half  thefe  Diameters  be  taken,  by  a  Bi-feftion  of  the  Diameters  be¬ 
fore  found,  the  fame  will  be  the  Semidiameters,  and  are  to  ftand  in  the  fame 
third  column,  as  the  fecond  line  in  each  cell  fheweth ;  So  E  being  Bi-fe£led 
makes  F,  I  makes  K,  N  makes  O,  &c.  From  thefe  thus  prepared  the  two 
fore-mentioned  Tables  will  eafily  be  excerpted  in  this  manner. 

6.  The  inferiour  Tangents  or  each  cell  in  the  fecond  column,  are  the  very 
numbers  which  do  make  up  the  Table  of  Intcrfe8:ions.  If  therefore,  they 
be  only  tranferibed,  you  fhall  have  the  fame  Table  perfe£l:ed,as  H  M,  &c.  in 
the  fecond  column  being  tranferibed,  will  make  up  P  Q^R,  &c,  the  full  Table 
of  Interfeflions. ' 

‘  7*  The  differences  of  the  inferiour  numbers  of  the  fecond  and  third  co¬ 
lumns,  being  gathered  into  the  particular  cells  of  the  Table  of  Centers,  do 
makeup  the  numbers  of  that  fame  Table ;  So  D  taken  from  F,  makes  S :  H 
taken  from  K,  gives  T :  and  M  from  O,  makes  V  ;  &c.  And  thus  are  the  two 
Tables  to  be  made  up. 


Tf' 
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Sff 


A  Table 


TROJECTIV^  DIALLING. 

A  Table  for  the  Horizontal  Projedion,  made  to  the  Latitude 
of  51  Degrees  50  Minutes,  fliewing  where  every  Parallel 
that  paffeth  through  each  Degrees  of  the  Ecliptick  is  to 
cut  the  Meridian  Line. 


The  Table  of  InterfeHions, 


s 

SI 

nc 

0 

2493 

2802 

3640 

4823 

6128 

7226 

I. 

2493 

2826 

3676 

4867 

6172 

7252 

29 

2 

2493 

00 

1 

3709 

4910 

6212 

7259 

28 

? 

2496 

2864 

3746 

4953 

.  ^253 

'7306 

27 

4 

2500 

250J 

28S6 

3782 

4997 

6297 

7332 

26 

5 

2908 

-3819 

5040 ' 

6338 

7359 

25 

6 

2506 

29^1 

3855 

5084 

6379 

7382 

24 

7 

2512 

2956 

3892 

5128 

6420 

7404  U 

25 

8 

2515 

2981* 

3929 

‘>1^9 

<5457 

7427 

22 

9 

2521 

3003 

3966 

5213 

6498 

7449 

21 

10 

2527 

3029 

4006 

5258 

6540 

7467 

20 

11 

.  25?7 

3°57 

4047 

5302 

6577 

7490 

19 

12 

254? 

3083 

4084 

■  5347 

6615 

7508 

18 

2552 

5108 

4122 

5388 

6652 

7522 

17 

14 

2561 

3^37 

4163 

5433 

6690 

754° 

16 

15 

2571 

3166 

4200 

5479 

672S 

7558 

15 

16 

.  2583  , 

4241 

55°° 

6']66 

7572 

^4 

17 

2596 

5224 

4283 

5566 

6805 

7586 

I? 

. 

2608 

3252 

4321 

5608 

6839 

7600 

A 

12  ’ 

19 

2620 

5281 

4362 

3654 

6873 

7609 

II 

20 

2633 

8314 

4404 

5696 

6911 

7623 

10 

21 

2645 

3?4? 

4445 

5739 

6946 

7632 

9 

22 

2661 

3375 

4487 

5785 

6976 

7641 

8 

2? 

2676 

3404 

,  4526 

5828 

701 1 

7646 

7' 

24 

1  2692 

3437 

4568 

5871 

7046 , 

71555 

6 

25 

1  2708 

.3469 

4610 

5914 

7076 

7659 

5 

26 

2726 

3502 

4653 

5957 

7107 

7664 

4 

27 

2745 

3538 

4695 

6001 

7^37 

7669 

? 

28 

2764 

3571 

4738 

6044 

7168 

7^73 

2 

29 

2783 

3607 

4781 

6084 

7199 

7673 

I 

50 

2802 

3640 

C4 

00 

6128  ' 

7226 

7673 

0 

- 

n 

r 

«vw 

V? 

The 


Projective  biALLiNG. 

The  Table  of  Centers^  for  the  Latitude  of  Degr,  50  JUiri, 

This  Table  fheweth  how  far  the  Centers  of  every  of  the  for^ 
mer  Parallels,  are  from  the  Center  of  the  Horizontal  Cir¬ 
cle  in  the  Horizontal  Projeftion. 


s 

SI 

f 

0 

5269 

5519 

<5339 

7954 

10673  1 

14235 

36 

1 

5269 

5535 

6380 

8026 

10789 

14342 

29 

2 

5269 

5554 

6418 

8099 

^=897 

14451 

28 

3 

5272 

5573 

6460 

8173 

1 1006 

14562 

27 

4 

5274  ■ 

5593 

6502 

8249 

II 129 

14674 

26 

5 

5277 

5612 

<5545 

8326 

II 243 

14787 

25. 

6 

5279 

5631 

6589 

8404 

11^59 

14883 

24 

7 

5284 

5654 

6633 

8484 

1 1477 

14980 

23 

8 

5286 

5677 

66y8 

8558 

11586 

15078 

22 

9. 

5291 

5697 

6724 

8641 

11709 

15177 

21 

10 

5296 

5720 

6775 

8726 

11834 

15258 

20 

II 

5205 

574^ 

6826 

8812 

1 1949 

15359 

19 

12 

5Jo8 

5770 

6874 

8899 

12066 

15441 

18 

I? 

5315 

519^ 

6922 

8981 

12185 

15503 

17 

14 

5S2? 

5820 

6976 

9072, 

12306 

155^7 

16 

15 

5?  30 

5849 

7026 

9165 

12430 

15670 

15 

16 

5340 

5876 

7082 

9252 

12556 

15735 

14 

17 

5350 

5904 

7138 

9348 

1,2684 

15799 

IS 

18 

5359 

5933 

7191 

9438 

12800' 

15864 

12 

19 

53^9 

5961 

7249 

9538 

J2918 

15907 

11 

20 

5379 

5994 

73°8 

9682 

13053 

1597s 

01 

21 

5390 

6023 

7369 

9727 

13175 

16017 

9 

22 

5402 

6056 

74^0 

9833 

13284 

I606I 

8 

2? 

5415 

6086 

7487 

9932 

13411 

16083 

7 

24 

5428 

6120 

755° 

10034 

13539 

16128 

6 

2$ 

5440 

6154 

7615 

10137 

13653 

16150 

5 

26 

5456 

6189 

7580 

10242 

13770 

16172 

4 ' 

27 

5472 

6228  ' 

7747 

10349 

00 

00 

00 

16195 

S 

28 

5487 

626^ 

7815 

10458 

1^007 

16217 

2 

29 

5503 

6305 

7884 

10560 

I4I29 

16217 

I 

30 

5519 

6339 

7954 

0 

CN 

i 

14235 

16217 

0 

n  , 

r. 

K 

AVV 

1 

Thu^ 
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Thm  are  thefe  two  Tables  to  be  made  up. 


Arches. 

Tangents. 

Diameters  and. 
Semidiameters. 

Imerfe^lions 

Centers 

$ 

A  52. ?o 
B  14.00 

C 190922 
D  24999 

E  155255 

F  77627 

S 

• 

s 

P  24999 

■  S  52694 

S 

Si 

X  54.09 
X  15-49 

G 198999 
H  28015 

I  166414 

K  89207 

II 

SI 

Q.  28015 

T  55192 

n 

IK 

Y  54-30 

Y  20.00 

L 169185 
M  96997 

N  199582 

0  99791 

0 

IK 

R  96397 

63394 

« 

U\4 

Z  64.15 
z  25.45 

207321 

48294 

^  255555 

127777 

r 

•Tka 

48234 

79543 

r 

m. 

70.00 

91.30 

274748 

61280 

,  996028 
168014 

H 

ni 

61980 

106794 

K 

1  1 

'  74-2  X 

35-51 

•  72255 

429212 

2 14606 

AfW 

72255 

142351 

ApW 

V? 

76.00 

37-30 

40I078 

1 .  76732 

477810  1  vy 
298905  1 

* 

y? 

76733 

162179 

_ *-■ 

Pr^ecepta  fuperiora^  charaSeribws  compendiofe  exprejfa. 


5  3  Deg.  1 5  min, + i  Complement  Latit.-=:jg 

*  » 

g ^ b, c,  d,  kc.  in  tab.  fequ.^  X,  Y,  Z,  kc. 

Quorum  arcuiim  Tangentes  funt  C,D,G,H,LjM,  kc. ' 
C-1-D=E.  G-1-H=I.  L+M=N,&c. 


i 

I 
i 

i  ' 

D=P.  H=Q.  M.=R,  kc.  Atque  haec  eft  tabula  Interfe^lionum. 

I  F— D=S.  K—H=T.  0---N=V,8rc.  Atque  hisc  eft  tabula  Centrorum. 

And  here,  it  muft  not  be  forgotten ;  that  the  Precepts  of  making  up  thefe 
Tables,  are  proper  to  thofe  Latitudes  that  exceed  23  deg.  30  min.  for  in  thofe 
Latitudes,  which  are  lefs  than  23  deg.  30  min.  fome  North  Parallels  will  not 
ihterfeft  upon  the  South  part  of  :he  Meridian  at  all,  but  altogether  upon  the 
North,andthen,forfuchParallels,theirNorth  Declinations  muft  not  be  taken 
out  of  theLatitudCjbut  theLatitude  out  of  them,and  fo  theSuperiour  Arches  of 
the  fecond  Column  will  at  firft  decreafe  in  fuch  Latitudes,  and  after  again  in- 
creafe,and  the  Diameters  in  the  firft  Column(for  fuch  Parallels  asare  altoge¬ 
ther  North,  of  which  only  we  now  fpeak)  muft  be  made  by  the  Differences 
(not  Sums^  of  the  Numbers  of  the  fourthColumn ;  And  the  Sums  (notDiffe- 

rences 


E  ^  I  ,  'N 
— =E*  — — =0,  kc. 
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rences)ofthe  Numbers  in  the  Sixth  Column,  give  the  Diftances  of  theCen« 
ters  of  fuch  Parallels  we  now  mention,  from  the  Center  of  the  Inftfumient. 

Now  to  know  how  many  degrees  of  Declination  will  interfeO:  both  Lines  oh 
the  North  fide  of  the  Meridian,  in  a  North  Latitude  iseafie:  Namely,  all 
thofe  Parallels  whofe  Declination,  from  the  Equino6lial  is  greater  than  the 
Latitude,  and  none  elfe.  And  for  thofe  only,  all  this  caution  is  made ;  The 
reft  of  the  Table  for  other  Parallels  muft  be  finifhed  as  before  prefcribed,  and 
what  is  true  here  of  North  Latitude,  and  North  Parallels,  is  refpeclively 
true  of  South  Latitude,  and  South  f  arallels. 

SECT.  III.  The  Delineation  of  the  Parallels  upon  the 

htflrument, 

AFter  you  have  defcribed  the  Circle  upon  the'Horizbn  (which  is  to  con¬ 
tain  the  whole  Work)  and  quartered  the  fame,  and  fet  out  partitions 
for  the  limb,  to  divide  it  as  the  ufual  manner  is  into  360  deg.  you  are  to  make  ' 
a  Decimal  Scale  of  the  fame  length,  with  the  innermoft  Semi-Diameter  of 
your  Inftrument ,  for  this  Scale  by  help  of  your  Tables  will  pitch  out  the 
whole  Work. 

For  looking  firft  into  your  Table  of  InterfeQiions,  fee  what  the  frft  Num¬ 
ber  there  is,  namely,  2493  2,  take  this  in  your  Compaffcs  upon  your  Decimal 
Scale  from  2  forward,  as  the  Letters  of  a  and  b  do  declare;  the  fame  length 
of  ^  ^  wm  reach  upon  the  South  part  of  the  Meridian,  from  Z  the  Center  of 
your  Inftrument  unto  A  upon  the  Meridian  Line,  which  gives  the  Point  of 
Interfeftion  between  the  Parallels  of  $,  and  the  Meridian.  Sothe  fecond  ' 
Number  being  taken  in  your  Compaftes  from  the  Decimal  Scale,  will  give 
the  length  Z  c,  ftiewing  where  the  Parallel  of  si  and  n  is  to  pafs  through 
the  Meridian.  'I’he  third  Number  fo  ordered,  will  give  the  Point  /,  the 
fourth  t?,  the  fifth  thefixth;??,  and  the  laft  will  give  jc,  where  the  reft  of 
the  Parallels  of  nr  and  and  r,  in.  and  K,  t  and  and  laftly  muft 
interleft  with  the  Meridian. 

After  thefe  Points  of  Interfcftions,  you  are  next  to  prick  down  your  Cen¬ 
ters  anfwering  to  them.  For  the  firft  Number  in  the  Table  of  Centers  being 
taken  from  the  Decimal  Scale,  and  pricked  down  upon  the  North  part  of 
the  Meridian  from  Z  (towards  N)  and  it  will  reach  to  A.  And  fothe  fe- 
cond  Number  wiU  be  extended  from  Z  to  the  third  from  Z  to  I,  the  fourth 
to  O,  and  the  fifth  to  V,  the  fixth  to  M,  and  the  feventh  and  laft  to  X. 

Having  gone  thus  far,  the  reft  will  be  eafie ;  For  if  you  fet  your  Compaftes 
from  A,  the  firft  Center,  to  a  the  firft  Interfeftion,  you  may  defcribe  the  firft 
Parallel  o^Cancer  :  And  fo  if  from  E  the  fecond  Center,  you  extend  to  e  the 
lecond  Interfeftion,  you  lliall  defcribe  the  fecond  Parallel  palling  through  ^  .* 
and  fo  forward  with  the  reft,  having  due  regard  to  every  Interftftion,  with 
his  proper  Center :  And  thus  are  the  Parallels  to  be  defcribed,  amongft  which 
that  which  palfeth  through  0,  is  the  Ai-quinoftial,  and  if  it  be  true  done,  will 
pafs  through  W  andE,  each  tenth  Parallel  muft  be  diftinguiflied  withlbme- 
what  a  bigger  Line  than  the  reft,  and  where  every  fifth  or  third  will  not 
come  in  for  want  of  due  fpace,  as  about  Cancer  and  Capricorn^  where  they 
grow  clofe,  there  may  you  put  in  every  fifth  or  tenth  only,  which  will  ferve 
in  thofe  narrow  fpaces  as  well  as  more. 
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*  lie  Line 
CD  if  fupp<h 
fed  to  be  inf' 
nitely  extended 
from  B ,  both 
vonys^i  there¬ 
fore  (for -want 
of  room  in  this 
place)  the  Let¬ 
ters  RK  and 
LT  could  not 
be  in  thU  Li- 
gure  placed  ac¬ 
cording  as  their 
true  Tangent 
diflances  do  re- 
quire. 
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SECT.  IV.  The  Delineation  of  the  Hour  Circles. 

Flrft,  you  mufl:  prick  down  the  North  Pole  (which  in  our  fuppofition  is 
elevated  5 1  deg.  30  min.)  in  this  manner.  Take  the  Complement  of 
the  Latitude,  viz,.  3  8  deg.  30  min.  and  half  it,  which  will  be  1 9  deg.  1 5  min. 
feek  then  the  Tangent  oT  1 9  deg.  1 5  min.  you  fliall  find  it  to  be  ^4921,  take 
this  upon  your  Decimal  Scale,  and  prick  it  upon  the  North  part  of  the  Me¬ 
ridian  from  Z,  towards  N,  you  will  find  it  to  fall  in  P,  that  Point  P  therefore 
is  the  North  Pole  in  this  Projedion, through  which  all  the  Hour-circles  now 
to  be  drawn  miift  pafs. 

The  firfl:  hour  Circle  to  be  defcribed  is  the  hour  of  fix,  upon  which  all  the 
reft  have  their  dependance ;  now  to  effed  this,  you  are  to  look  for  the  Secant 
of  your  Latitude  (which  is  as  before  51  deg.  30  min.)  which  will  be  found 
to  be  160638,  this  Number  taken  out  of  the  Decimal  Scale  muft  be  exten¬ 
ded  upon  the  South  end  of  the  Meridian  from  P,and  you  lhall  find  it  will  reach 
unto  13 ;  upon  B  therefore  as  your  Center  with  the  diftance  B  P,  defcribe  the 
Hour-circle  of  6,  which,  if  all  be  right,  will  pafs  through  the  Points  of  E 
and  W  exaflly,  where  the  Equinoftial  alfo  cutteth,  if  it  be  juftly  defcribed ; 
now  through  the  Point  B,  with  the  Center  of  this  hour  of  6,  draw  the  infi¬ 
nite  Line  CBD,  both  ways  perpendicular  to  the  Meridian  2  SB,  for  upon 
this  Line  fliall  ftand  all  the  Centers  of  the  other  Hour-circles ,  which  to  de- 
fign  you  are  to  work  thus : 

Make  a  fecond  Decimal  Scale^  equal  in  length  to  B  P,  the  Semidiameter  of 
the  hour  of  6,  thin  by  help  of  the  Canon  of  Tangents,  take  out  of  this 
Scale,  firft,  the  Tangent  of  15  deg.  or  i  hour,  which  will  be  26794,  and 
prick  it  down  upon  the  infinite  Line  C  D,  both  ways  from  B  to  F,  and  from 
B  to  G ;  Again  feek  the  Tangent  of  30  deg.  which  is  57755,  and  take  it  in' 
the  fame  Scale ,  and  prick  it  down  upon  the  Line  C  D ,  both  ways  to  H 
and  I ;  Thirdly,  feek  the  Tangent  of  45  deg.  loqooo,  which  fet  as  before, 
will  juft  reach  to  C  and  D.  Then  fourthly,  the  Tangent  of  60  deg.  173205 
will  fo  reach  to  K  and  L:  Laftly,  fet  the  Tangent  of  75  deg.  which  is 
373205,  from  B  to  R,  and  from  B  to  T.  This  done,  if  now  you  fet  one 
foot  of  your  CompalTes  in  F  as  Center,  and  open  the  other  to  the  Point  P  in 
the  Inftrument,  you  fhall  defcribe  the  Hour-circle  of  7,  on  the  Eaft  fide  of 
the  Meridian,  and  carrying  one  foot  with  the  fame  extent  unto  Gjwill  reach 
unto  P  again,  which  fwept  on  the  other  fide ,  will  defcribe  the  hour  of  5. 
So  alfo  in  the  fame  manner  may  you  defcribe  from  H  and  I,  as  two  Centers 
of  the  hour,  of  8  and  4,  paffing  through  the  fame  Point  P  •  And  upon  the 
Centers  C  and  D  as  before,  you  may  defcribe  the  hours  of  9  and  3  ;  ^  And 
from  K  and  L,  the  hour  of  10  and  2.  Laftly,  from  R  and  T ,  the  hours 
of  II  and  I,  all  which  are  exadly  to  pafs  through  P  the  Pole;  And  lb  the 
like  is  to  be  done  for  the  half  hours,  &c. 

Thus  have  \Ye  done  with  thofe  Lines  which  do  properly  belong  to  the 
Proje6lion :  but  becaufe  the  Inftrument,  if  it  pafs  thus,  will  not  perform  all 
the  ufesfor  which  it  is  intended,  I  have  therefore  added  other  Lines  to  it, 
which  inay  well  ftand  without  defacing  any  of  the  Work,  the  delcription 
whereof  is  in  brief,  as  folio weth. 
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Dialling. 


SECT.  V.  The  Defcription  of  what  Lines  are  added  to  the 
ProjeSion^  which  ziary  not  with  the  Latitude  ^  as  the  FrojeSiori 
it  felf  doth. 

COunt  from  N  to  s  and  s,  both  ways  iipon  the  Limb,  the  Sun’s  greatefi 
Declination  237  deg.  and  draw  the  Chord  s  s,  then  look  the  Secant 
of  23  deg.  50  min.  in  the  Canon  of  Secants,  which  will  be  found  109044^ 
take  this  upon  your  firh  Decimal  Scale,  and  prick  it  down  upon  the  Meri¬ 
dian  from  Z  to  then  again  fetting  one  foot  of  your  Compares  in  open 
the  other  to  s,  and  defciibe  the  Arch  s,  r,  vp. 

Again,  Having  obfcurely  drawn  tlie  crofs  Diameter  of Eaft  and  Wefl:,take 
fo  much  of  it  as  may  conveniently  be  ufed  on  both  Tides  the  Center,  namely^ 
Z  s,  and  divide  it  into  1 1  equal  parts,  and  of  the  fame  equal  parts  let  Z  r 
upon  the  Meridian  contain  1 2,  then  draw  the  two  ftrait  Lines  r  on  both 
Tides  of  the  Meridian  :  thefe  may  be  called  the  Triangular  Lines,  to  diftin* 
guifli  them  from  the  relf  :  Thus  are  all  the  Lines  to  be  driwn,  now  follow^s 
the  manner  of  their  DiviTion. 

SECT.  yi.  The  Dimjion  of  the  Triangular  Lines, 


Divide  each  of  thofe  Lines  firft  into  two  equal  parts  at  h  and  d :  then 
again  divide  each  of  thofe  halfs  h  r  ^  d  ^  into  45  filch  parts 

as  a  Tangent  L.ineof  45  deg.  or  a  Radius  of  that  length  would  require ,  fo 
fhall  each  of  the  whole  Lines  contain  90  parts,unto  each  30  DiviTion  where¬ 
of  are  the  CharaQ:ers  of  the  twelve  Signs  to  be  fet. 

\ 

SECT.  VII.  The  Divifion  of  the  Arch  and  Chord, 

ON  the  Limb  of  your  Inftrument ,  number  the  Complement  of  Lati¬ 
tude  from  N  to  />,  and  draw  the  infinite  Line  Z/>,  then  prolong 
the  Chord  s  and  v?  both  ways,  fo  fliall  it  meet  with  Z/>,  at ;  Now  to 
the  Radius  h  defcribe  the  Semicircle  n  k  r,  cutting  the  Meridian  exten¬ 
ded  atX',  and  divide  this  Semicircle  into  180  equal  parts,  or  degrees  ; 
which  done ,  if  you  fir  ft  draw  right  Lines  from  each  degree  thereof  to 
the  Center  h,  and  beyond,  till  it  crofs  through  the  Arch  divided  in  the 
Infttument,  (as  you  fee  each  30th  degree  in  the  Scheme  doth)  you 
by  that  means  divide  the  Arch  into  its  proper  parts.  Secondly,  if 
each  degree  on  both  Tides  you  draw  Lines  parallel  to  the  Meridian  of  the 
Inftrument  Z  /r,  till  they  cut  through  the  Chord,  they  will  fo  divide  the 
Chord  into  its  requifite  parts. 

Hitherto  have  you  near  had  the  whole  defeription  of  the  Inftrument  it 
felf  in  every  part,  after  which  all  fuperfluities  being  firft  drawn  away,  you 
muft  affix  fuch  Charaders  and  Figures  as  are  necelTafy  to  help  you  in  your 
leveral  Af:counts ;  to  the  effefting  whereof,  the  Pifture  it  ielf  will  be  of 
fufficient  Sireefion,  and  much  better  than  many  Words. 


SECT. 
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SECT.  VIIT.  Of  the  Ruler.  I 

i 

^  remains  only  a  Ruler  to  be  fitted  to  the  Inflrurhent,  the  brjeadtii  i 

JL  whereof  may  be  as  you  will,  about  t-he  loth  or  12th  part  of  the  ! 
length,  and  the  length  to  reach  over  as  a  Diameter  to  the  whole  Planifphere,  \ 
you  muft  take  care  that  the  fiducial  edge  be  very  ftrait,  and  at  the  middle  of  ! 
it  a  little  Semicircle  left,  whofe  Center  A,  being  truly  placed,  upon  the  very  \ 
middle  Point  of  the  fiducial  Line  mufi:  be  pierced  through  with  a  fmall  hole,  ‘ 
that  fo  it  may  be  fixed  through  it ,  to  the  Center  of  the  Infirumenl  at  Z.  j 
Next  of  all,  you  are  to  fit  the  Ruler  for  the  Graduation,  which  is  done  by  i 
drawing  two  Lines  parallel  to  .the  fiducial  edge ;  one  very  near  it  to  receive 
the  degrees,  the  other  farther  off,  to  receive  the  Figures  for  Diffincfion,  and 
Numeration.  -  - 

For  the  Graduation  of  it,  fet  off  the  length  A  B  both  ways  from  A,  equal 
to  ZN,  the  Semidiameter  of  the  innermoff  Circle  of  the  Planifphere,  which 
A  is  alfo  equal  to  your  firfl:  Decimal  Scale ;  then  the  eafiefi:  way  to  graduate  it 
will  be  by  the  joynt  help  of  the  Canon  .of  Tangents, and  your  Decimal  Scale, in 
this  manner ;  look  into  the  Canon  for  45  deg.and  it  willbe  100000,  equal  to 
the  number  of  the  whole  Scale,  and  thofe  are  fignified  upon  the  Ruler  already 
by  AB,  AB;  then  look  half  a  degree  lefs,  namely,  44 1  whofe  Tangent  is 
98269,  take  that  out  of  your  Decimal  Scale  with  your  Compaffes,  and  letting 
one  foot  in  A,  with  the  other  draw  the  firft  Divifion,  between  the  edge  and 
the  parallel  Line  next  to  it,  upon  both  Tides  the  Center  A' ;  Then  again.  Look 
the  Tangent  of  halfa  degree  lefs,  44,  whofe  Tangent  is  96568,  which 
take  off,  and  fet  it  both  ways  from  A,  as  before,  and  thus  proceed  by  half  de¬ 
grees  till  you  have  gone  down  through  the  forty  five  firfl:  whole  degrees  of  the 
Canon,  and  then  you  fhall  find  that  you  have  infcribed  twice  4  5  degrees,  that 
is  90  parts  upon  each  half  of  the  Ruler,  which  reprefent  fuch  degrees  as  here 
are  required,-  every  loth  and  15th  of  them  muff  be  diftinguifh’d  from  the 
refl:  with  a  longer  Line,  and  numbred  inwards  towards  the  Center  by  10,20 
30,  to  90,  as  in  the  Figure  fufliciently  appeareth.  After  this  fs  ended 
you  are  to  pin  down  the  Ruler  to  the  Inffrument,  as  is  before  fhewed,  aud 
then  will  your  Planifphere  be  fitted  to  theufes  which  now  follow. 


CHAP.  II. 

An  Explanation  of  the  Circles and  Lines  in  the  ProjeSion, 

TH  E  Limb  of  the  Planifphere  reprefenteth  the  Horizon  of  the  place 
for  which  it  is  made ;  The  Diameter  N  S  ffands  for  the  Meridian 
whofO  Seftions  with  the  Horizon  at  NS,  fignifie  the  North  and 
South  Points  of  the  fame  Horizon,  and  the  Points  W  and  E,  being 
each  a  quarter  of  the  Circle  diftant  from  the  former,  do  reprefent  the  Points 
of  Eafl:  and  Weft, and  a  Diameter  drawn  through  them  and  the  Center, is  the 
prime  Vertical  or  Eaft  and  Weft  Azimuth ;  The  Center  noted  with  Z,  figni- 
fies  the  Zenith  or  Pole  of  the  Horizon.  The  Ruler  therefore,being  fixed  there¬ 
to,  fhall  reprefent  any  Azimuth,  or  Vertical  Circle,  all  which  do  pafs  through 
the  Zenith  Point,  and  the  degrees  and  numbers  upon  the  Horizon,  will  fhew 
what  Azimuth  from  North  or  South  j  the  Ruler  being  fixed  at  any  place  doth 

reprefent. 


( 
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reprei||pt.  The  degrees  upon  the  Ruler  denote  the  degrees  of  any,  or  all  the 
Azinmhs,  and  fo  perform  the  Office  of  Almicanthers,  or  Parallels  of  Alti¬ 
tude  above  the  Horizon. 

Within  the  ProjeHion  it  felf,  the  Point  P  upon  the  Meridian  fignifies  the 
North-Pole,  and  all  the  Circular  Lines  meeting  there,  (but  fpreading  over^ 
the  whole  Superficies)  arc  the  Meridians  of  the  Sphere  fuch  as  Hand  for  the 
hours  of  the  place,  according  whereunto  they  have  their  Figures  fet  upon 
them,  fhewing  what  hour  each  of  them  ftandfor. 

The  Parallels  which  crofs  through  the  Meridian,  or  Hour-circles,  are  the 
Diurnal  Arches  of  tlie  Sun  at  feveral  times  of  the  year ;  There  are  fo  many  of 
them  drawn  as  the  Infirument  will  well  contain,  the  reft  muft  be  fupplied 
by  imagination  to  pafs  between  them  that  are  drawn ;  even  fo  many  as  may 
anfwer  to  every  degree  of  the  Ecliptick.  And  according  to  that  fuppofition, 
each  3  oth  deg.  or  Parallel  hath  fuch  CharaHers,  or  Signs  annexed  unto  it,  as 
it  doth  cut  through  in  the  Ecliptick,  and  the  intermediate  Lines  ftand  for 
thofe  30  Parallels  that  pafs  through  the  30  degrees  of  each  Sign,  and  accor¬ 
dingly  muft  be  eftimated,  and  numbred. 

The  other  Lines  which  are  inferred,  are  not  properly  of  the  ProjeHion, 
neither  fhall  any  explication  of  them  be  needful,  more  than  when  it  is  treated 
to  fhew  the  ufe  of  them. 


CHAP.  III. 


The  Vfe  of  the  Planifphere^  digefied  into  feveral  Propoftions, 

Omeof  the  Propofitlons  of  this  Cliapter  have  been  delivered  by  others, 
what  I  have  added  of  my  own,  or  omitted  of  theirs,  may  eafily  be 


found  by  comparing  then*  Books  with  this.  Their  only  purpofe  be- 
ing  barely  to  perform  tiiefe  things  upon  the  Inftrument,  and  to  go 
no  farther ;  that  ufe  indeed  may  be  made  of  this  Chapter,  but  my  intent  is 
beyond  thefe,  for  that  which  is  here  performed  is  premifed  only,  and  pre¬ 
pared  for  what  is  to  be  done  in  the  next  Chapter,  which  is  the  only  aim  and 
Icope,  which  thefe  three  firft  Chapters  drive  at. 


S  E  C  T.  I.  To  find  the  Deg  ree  of  the  Ecliptick  that  the  Sun  is 
in  every  day^  and  the  Parallel  belonging  to  it, 

YOu  may  know  the  degree  of  the  Sun  in  the  Ecliptick  (if  no  better  way) 
well  enough  for  your  purpofe  by  remembring  the  day  upon  which  in 
every  Month  it  entereth  into  the  feveral  Signs,  and  allowing  the  motion  of 
it,  to  be  one  degree  every  day,  fo  fhall  you  know  how  many  degrees  it  is  gone 
into  any  Sign,  or  how  many  degrees  it  wants  to  come  to  the  beginning  of  the 
Sign,as  Jug.  7th  I  know  the  Sun  entreth  into  ^  the  1 3  th  day,  and  that  the  yth' 
day  wants  fix  days  of  the  13th:  Therefore  I  conclude  the  Sun  to  want  fix  de¬ 
grees  of  and  fo  to  be  in  the  24th  of  ;  And  again,  for  Jug.  16,  becaufe  j6 
is  three  days  more  than  13,  (the  day  of  the  Sun’s  entrance  into  flK)  therefore 
I  fay  that  the  Son  is  in  the  third  degree  of  nr  :  And  thefe  Notes  give  (near) 
their  beginning,  Jar^,  ii «»,  Feb.  8  March  10  r,  Jpril  10  May  ii  H, 
“June  j  I  So,  Jidy  13  a,  Jug,  1 3  nr,  Sep,  1 3  Qtlo,  1 3  ni,  Nov,  12^,  Dec,i  i 

U  u  u  Then 
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Then  to  find  the  Parallel  for  7th  of  Augu'si  is  not  hard ;  For  if  youjjnem- 
ber  every  Sign  hath  Parallels  upon  the  Planifphere, (either  ekpreiled  or  to 

be  fuppofed,  or  fupplied  by  imagination)  you  may  accordingly  find  where 
the  24th  Parallel  from  si  to  is  to  be  placed,  and  fo  imagine  a  Line  to  run 
*all  along  even  with  the  reft,  and  the  fame  fhall  be  the  Parallel  of  the  day,  and  • 
the  like  may  be  done  for  all  the  days  of  the  Year. 

SECT.  II.  At  any  time  to  find  the  Suns  Azimuth,  . 

O  Bferve  the  Sun’s  Altitude,  or  in  what  Almicanther  the  Sun  is  by  a  Qiia- 
drant,  or  otherwife,  -  as  is  fhewed  in  the  fourth  Chapter  by  the  Semi¬ 
circle,  count  this  Almicanther  or  Altitude  upon  the  Ruler,  and  (keeping  it 
upon  the  due  Coaft  from  South,  either  Weft  ward,  orEaftward,  according 
as  you  made  yourobfervation  either  in  the  Morning  or  Evening)  move  it  till 
the  Altitude  thereon  numbred,  do  meet  with  the  Parallel  of  the  day  where¬ 
upon  your  obfervation  was  made ,  and  there  fix  it ,  fo  fliall  it  lie  in  the 
fame  Azimuth  wherein  the-  Sun  at  the  time  of  obfervation  was, and  the  Num¬ 
bers  in  the  Horizon  or  Limb,  will  give  you  how  many  degreesthat  Azimuth 
is  from  the  South,  if  it  fliall  be  required :  Example,  at  Lmdon^  Latitude  51  i, 
obfervation  made  Jug.  Seventh,  the  Sun  in  24,  Altitude  3  5  Evening,  Pa¬ 
rallel  a  24,  Azimuth  65 

SECT.  III.  To  find  at.  what  Altitudes  above ^  or  Profun¬ 
dities  (  or  DepreJ/ions  )  under  the  Horizon  ,  every  Hour-circle 
cuts  upon  any  Azimuth. 


Ruler  being  laid  to  the  Azimuth,  as  in  the  former  Propofition,  or 
__  ‘otherwife,  will  fhew  the  things  required  of  it  felf.  As  fuppofing  the 
-  Azimuth  to  be  65  |  from  South  toward  the  Weft,  as  was  now  found  out, 
then  fhall  the  hours  above  the  Horizon  cut  thofe  number  of  degrees  and 
minutes.  Namely,  12  cuts  9c,  as  it  ever  doth,  i  cuts  79,  2  cuts  63, 3  cuts 
43,  4  cuts  17 1  deg.  and  thefe  are  to  be  accounted  Altitudes  above  the  Hori¬ 
zon  :  then  out  of  the  other  part  of  the  Ruler,  5  cuts  7  deg.  6  cuts  27  7  cuts 

42  i,  8,  53,  9,  63,  10,  711,  and  1 1  cuts  80  deg.  below  the  Horizon.  And 
note  ever,  that  from  the  Center  of  this  Inftrument  towards  that  part  of  the 
Ruler  whereon  the  Altitude  of  the  Sun,  and  parallel  for  the  day  do  interfedf, 
I  fay  on  that  half  of  the  Ruler  the  Interf6«^ions  of  the  hours  are  to  be  ac¬ 
counted  Altitudes  from  the  Horizon  to  the  Zenith  of  thofe  very  hours  that 
do  interfedt :  On  the  other  paitof  the  Ruler  theSetlionsare  tobeefteemed 
Depreftions,  oiTrofundities  under  the  Horizon  down  to  the  Nadir,  not  of 
thofe  hours  that  do  interfedl  the  Ruler  on  that  Coaft  as  they  are  placed  oh 
the  Inftrument,  but  of  their  oppofite  hours  in  the  contrary  part  of  the  Hea¬ 
vens  ;  wliich  they  may  well  do  becaufe  each  oppofite  hours  are  equal  in  this 
refpedl,  one  to  the  other ;  and  fo  in  our  Example  though  5,  6',  7,  &c.  hours 
lie  upon  the  North-Eaft  part  of  the  Horizon  upon  the  Morning,  yet  by  them 
you  are  to  underftand  the  fame  hours  of  5, 6,  q^&c,  on  the  South- Weft  part 
of  the  Heavens  on  the  Evening  tide. 


SECT. 


PROJECTIFE  DULLING. 

SECT.  IV.  To  find  what  Number  of  Deg  tees  each  Hour  beareth 
from  IQ,  upon  the  Limb  or  Horizon  of  the  Inflrument. 

f 

is  eafieto  be  done,  for  in  a  Projeftion  for  London  ;  you  fhall  find 

1  .  II  and  I ,  to  be  diftant  from  1 2  at  Noon,  1 1  deg.  5 1  min.  i  o  and  2  are 
diftant  24  deg.  19  min.  9-and  38  deg.  5  min.  8  and  4,  55  deg.  5  5  min.  7 
and  5,  6 1  deg.  6  min.  6  and  6  are  diftant  90  degrees.  So  likewife,  you  may 
find  5  in  the  Morning,  and  7  at  Night,  to  be  diftant  upon  the  Horizon 
from  the  South  loS  deg.  54  min.  and  4  in  the  Morning  with  8  in  the  Even¬ 
ing  to  be  diftant  126  deg.  25  min.  the  ufe  of  this  Propofitidn  will  appear  in 
the  next  Chapter. 

S  E  C  T.  V.  To  find  upon  the  Planifphere^  i .  The  Parallel  of 
the  IQ  Signs,  q.  The  Parallel  for  euery  length  of  the  Day,. 
5.  The  Parallel  of  e^ery  known  Declination, 

1.  TTOr  tke  firft,  which  are  the  Parallels  of  the  beginnings,  or  any  other 
r  part  of  every  Sign,  the  Inftrument  it  felf  will  fhew  readily,  be- 
caufe  there  are  the  Cliara6ters  of  the  Signs  annexed  to  them  ,  and  thefe 
Parallels  are  fo  framed  that  they  anfwer  to  each  degree  of  the  Ecliptick, 
as  in  the  ftruQ:ure  of  the  Inftrument  is  declared,  and  in  this  Chapter,  Pro- 
pofition  the  firft. 

2.  For  the  Parallels  noting  out  the  juft  length  of  day,  look  into  the  Arch 
and  Chord  mentioned  Chap,  i.  Seci.  7.  for  thofe  two  Lines  will  help  you  in 
this  fully  after  this  manner.  Let  the  day  be  14  hours  long,  take  i  that 
length,  7,  that  fhews  the  time  of  Sun-fetting ;  to  this  time  reckoned 
in  the  fame  Chord  now  mentioned  apply  your  Ruler,  fo  ftaall  it  fhew  you. 
upon  the  Arch,  the  place  in  which  the  Sun  is  at  that  time  when  the  day 
is  14  hours  long,  which  is  b'  or  51,  29  at  London,  If  then  according  to 
Propofition  I.  in  this  Chapter,  you  look  for  that  degree  of  Taurm  i^  or 
Leo  29,  amongft  the  Parallels  there  may  you  affirm  the  Parallel  for  that 
length  of  the  day  to  pafs  along ,  fo  if  the  length  of  the  day  had  been 
lot  hours,  half  that  length  5!  fhews  the  time  of  Sun-fet.  If  there¬ 
fore  you  look  upon  the  Chord  of  5  hours  1 5  minutes  of  an  hour,  which 
is  as  much  as  5  4  deg.  and  thereto  apply  the  Ruler,  you  fhall  find  it 
to  cut  upon  the  Arch  of  -  22  or  x  8  degrees,  which  are  the  degrees  of 
the  Ecliptick  wherein  the  Sun  being  makes  the  day  of  10  hours  and 
30  min.  length. 

5.  The  manner  to  find  the  Parallel  upon  your  Inftrument  anfwering  to 
any  known  Declination,  may  be  feen  by  an  Example.  Suppofe  the  Decli¬ 
nation  from  the  Equinoflial  to  be  155  deg.  Northward,  count  that  Decli¬ 
nation  upon  the  Limb  of  your  Inftrument  from  N  towards  W,  and  thereto 
lay  the  Ruler,  which  will  alfo  immediately  fhew  you  upon  the  Arch  the 
Sun’s  place  to  be  b'  1 1  or  si  1 9.  And  if  the  fame  Declination  had  been 
Southerly,  then  muft  you  have  counted  it  on  the  Limb  from  N  towards  E, 
and  the  Ruler  there  laid  fhews  upon  the  Arch  the  degrees  of  the  Ecliptick 
anfwerable,  tobeni  n,  —  19,  if  then  according  to  the  firft  Propofition,  you 
look  for  the  Parallels  of  thofe  degrees  in  that  Inftrument,  they  fhall  be  the 
Parallels  of  the  fore-named  Declinations.- 
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SECT.  VI.  The  Inter feSion  of  anj  Hour-circle  with  any  Pa¬ 
rallel  being  ajfigned^  to  find  what  Altitude  the  fame  Jhall  have 
above  the  Horizon, 

THis  is  ufefal  for  many  purpofes,  (as  hereafter  is  fliewed)  and  mofi:  cafie 
to  be  performed ;  For  having  your  Parallel  given,  you  by  the  lall  Pro- 
polition,  Oiall  fee  quickly  where  every  Hour-ch'cle  cuts  through  the  fame;  ^ 
unto  thofe  Interfeclions  apply  your  Ruler,  fo  fhall  the  degrees  of  the  fame 
Ruler,  being  counted'  from  the  Horizon,  fhew  you  the  Altitudes  required : 

So  in  I,  or  SI  29,  when  the  day  at  London  is  1 4  hours  long,  the  Suifs  Alti- 
tude  at  9  or  3  a  Clock  will  be  36  deg.  above  the  Horizon :  And  in  a  19  de¬ 
grees,  the  Surf  s  Altitude  at  9  and  3  a  Clock,  will  be  38-^  degrees;  andfoof 
all  other  Parallds  and  Hours. 

« 

SECT.  VII.  The  Defendant  Point  of  the  Ecliptick  being  ajfignd^ 
to  find^  I .  What  Point  of  the  Ecliptick  Is  in  any  Hour-circle,^  and 
a.  What  Altitude  it  hath. 

Example Et  the  beginning  of  Leo  defcend  at  London^  I  would  then  know 

J _ j  what  degree  of  the  Ecliptick  is  in  the  hour  of  3,  and  in  the. 

Iiour  of  I  o,  at  that  very  inftant :  Firft,  I  lay  the  Ruler  upon  the  beginning 
of  a  counted  in  the  Arch,  v/here  I  fhall  find  it  to  cut  upon  the  Chord  7 
hours,  and  9  degrees ,  which  hours  are  to  be  taken  for  Afternoon  hours : 
Now  from  3  a  Clock  to  7,  and  9  degrees  Afternoon,  are  4  hours,  and  9  de¬ 
grees,  which, turnecl  into  degrees ,  makes  69  degrees  :  And  fo  from  10  a 
'  Clock,  to  7  and  9  degrees  Afternoon,  are  9  hours,  and  9  degrees,  or  144 
■  degrees  :  Tfiefe  being  fore-known,  go  to  the  Triangular  Lines,  and  becaufe 
the  Sign  defcending  is  fuppofed  to  be  a,  lay  your  Ruler  at  a  in  that  line  be-  •• 
twixt  N  andE,  and  mark  where  it  cuts  the  Limb,  namely,  an  2  )  degrees  . 
from  60  towards  50.  Now  from  hence  count  upon  the  Limb  fecrmdum  fer, 
fiignorum.^  69  degrees,  your  firft  number  of  degrees,  which  will  lall  between 
N  and  W  upon  1 1 1  degrees,  whereto  again  lay  your  Ruler,  which  you 
fliall  find  to  cut  upon  the  T riangular  Line  ^  the  1 2,  almoft  ;  And  this  is  the  • 
degree  of  the  Ecliptick  which  is  in  the  hour  of  3 ,  when  the  beginning  of  a  is 
defending  at  London ;  And  if  you  apply  the  Ruler  to  -  1 2,  in  the  iiour  of 
3 :  the  Altitude  of  it  fliall  be  21 1.  Secondly,  lay  your  Ruler  again  at  a  in  i 
the  Triangular  Line,  that  it  may  cut  25  degrees,  from  60  towards  50,  and 
from  the  Ruler  fo  laid,  count  144  degrees,  which  is  the  Number  for  10  a 
Clock,  fo  fhall  the  Number  go  from  N  towards  W  847,  whereto  if  you 
apply  your  Ruler,  you  fliall  find  it  to  cut  about  the  25th  deg.  of  T,  and 
this  is  the  degree  of  the  Ecliptick  that  is  in  the  hour  of  10,  when  the 
beginning  of  a  is  defcending  under  the  Horizon  at  London ,  and  if  yoU 
apply  the  Ruler  to  ^  25  deg.  in  the  hour  of  10,  you  fhall  find  the  Altitude  ■ 
of  it  10  4.  The  like  may  be  done  for  any  other  Sign,  or  degree;  And  re¬ 
member  that  when  a  is  defcending,  then  is  ^  the  oppofite  Sign  afcending  a- 
bove  the  Horizon,  and  what  is  done  for  the  defcending  of  a,  is  hkewife  done 
.  few  the  afcending  of  s;?. 

SECT. 
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SECT.  VIII.  The  Culminant  Point  of  the  Ecliptick  being 
ajfigned^  to  find  at  tlxit  time ;  i .  What  Point  of  the  Ecliptick  k 
in  any  Hour-C  ircle,  a .  What  Altitude  it  hath  there, 

^T~^He  Culminant-Point,  is  that  Point  which  is  in  the  Meridian  at  any 
1  '  time.  'Pliis  Work  will  be  fomewhat  eafier  than  the  former,  as  will 
bell: appear  by  an  Example:  Suppofe  at  London  (or  any  where  elfe,  for  the 
hrll:  part  oF  the  Propoiition  is  general,  and  therefore  a  mkn  may  make  Tables 
if  he  iiil:,  for  this  firft  part  of  the  Propofition,  which  will  ferve  for  all  Lati-  > 
tudesj  the  beginning  of  Leo  were  Culminant,  and  I  would  know  what  de¬ 
gree  of  the  Ecliptick  is  in  the  Hour-Circle  of  8  in  the  Morning  :  Becaule 
from  the  Meridian  to  8  a  Clock,  is  4  hours,  or  60  deg.  and  that  forward 
fecundum  feriem  fignor/im  ^  therefore  lirft  I  apply  the  Ruler  to  Si  in  the  Tri¬ 
angular  Lines,  where  it  cuts  in  the  Limb  27  deg.  from  60  towards  50; 
from  thence  I  count  4  hours  or  60  deg.  forwards  towards  N,  which  will 
tall  in  the  Limb  upon  the  quarter  N,  W,  or  27  deg.  from  N,  and  then  the 
Ruler  fliews  upon  the  Triangular  Line  about  5  deg.  to  be  in  the  8  a  Clock 

hour:  Now  the  Altitude  of  that  Point  in  that- hour,  is  17  degrees,  as  the 
Ruler  applied  to  it  will  fliew  :  Again,  if  the  beginning  of  si  be  fuppofed 
Culminant,  and  I  would  know  what  degree  is  in  the  hour  of  5  Afternoon 
at  that  fame  tim.e  ;  becaufe  from  the  Meridian  to  5  a  Clock,  are  75  degrees, 
and  that  contra  fer.fignorum ;  therefore  having  firft  laid  the  Ruler  upon  the 
beginning  of  si  in  the  Triangular  Lines,  which  cuts  as  before,  2-j  deg.  from 
60  towards  50,  in  the  Limb,  from  whence  I  count  backwards  towards  E 
and  S,  in  the  Limb  7  5  deg.  which  will  fall  upon  4  7  deg.  from  50  toward  ' 
in  the  South  Equator,  and  the  Ruler  being  laid  here  will  cut  upon  the  Trian¬ 
gular  Line  on  the  oppofite  part  of  the  Inftrunient  about  the  1 9  deg.  of  and 
fuch  is  the  deg.  of  the  Ecliptick,  which  poflelTeth  the  hour  of  5  a  Clock 
Afternoon,  when  the  beginning  of  si  is  in  the  Meridian. 

Then  for  the  fecond  thing  which  is  particular  to  every  Latitude,  if  you 
apply  the  Ruler  to  the  19  deg.  of  in  the  hour  of  5,  you  fliall  find  the  Al¬ 
titude  of  that  Point  to  be  25  deg.  in  the  Latitude  of  London :  The  oppofite 
Points  are  in  the  oppofite  hours  below  the  Horizon,  at  the  fame  time  when 
the  beginning  of  si  is  in  Culmination,  or  the  beginning  of  the  oppofite  Sign 
25?  is  in  Imo  Cedi.^  is  as  eafie  to  be  underftood. 

What  Propofitions  foever  are  here  done  for  hours  (as  what  Altitude  any 
thing  hath  upon  Hour-circles,)  do  the  fame  alfo  upon  Azimuths,  for  there 
will  be  need  of  them  hereafter ,  in  putting  the  Furniture  into  refrafted 
Water^Dials,  &c. 
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Let  the  J^kr 
be  about  three 
tiroes  the  length 
oj  the  Diame¬ 
ter  of  the  Semi 
circle. 


J(  ToiU  be  con- 
venietn  to  have 
zor  ^  Semicir¬ 
cles  of  fever al 
bi^neffes. 


APPENDIX- 


The  Defcriptiqn  of  the  SEMICIRCLE. 

T,H  E  Semicircle  it  felf,  and  the  two  Squares  that  are  in  it ,  are  fo 
commonly  known,  that  I  fhall  not  need  to  fay  any  thing  of  the 
Divifion  of  either  of  them,  efpecially  fince  the  Figure  of  it  is  here 
ready  to  reprefent  the  fame  as  fully  as  can  be  required ;  only  re¬ 
member  that  I  call  M  N  the  Semi^iameter/bf  it,  and  L  K  the  Diameter. 

The  difficulty  that  is,  is  in  the  contrivance  of  it.  The  Limb  above  the  Semi¬ 
circle  noted  with  I K,  muft  be  of  fuch  breadth,  that  if  the  Thread  hang  upon 
the  Diameter  L  K,  the  Plummet  may  have  liberty  enough  without  touching 
the  Ruler  A  B  at  all :  upon  that  breadth  alfo  you  are  to  fet  two  Loops  as  at  E 
and  F,  through  which  the  Ruler  muft  have  juft  room  to  flip  up  and  down  as 
occafion  fhall  be :  and  that  it  may  be  faftned  from  flipping  when  it  is  requi¬ 
red  it  fhould  be  fixed,  you  muft  either  make  twoScrues  at  the  back-fides  of 
thofe  Loops, or  two  Wedges, fuch  as  are  fignified  by  G  and  H,which  W edges 
muft  be  fo  fhaped,  that  though  they  be  toofed,  yet  they  fhall  not  flip  out,  and 
to  that  purpofe,at  their  lelTerends  they  have  little  knots  left,  as  the  Figure  de¬ 
clares.  Yet  if  you  draw  out  the  Ruler  to  turn  the  other  edge  of  it  towards  the 
Semicircle,  (as  fometimes  of  force  you  muft)  then  may  the  Wedges  be  taken 
out  if  need  require ;  and  again,  firft,  put  in  before  the  Ruler,  that  when  the 
Ruler  is  put  in,  they  may  be  kept  there,  and  not  loft.  The  Ruler  being  thin 
as  of  Brafs,  or  other  Metal,  fuch  as  this  Figure  reprefents,  muft  be  fharp  at 
both  ends  of  one  of  the  Edges,  as  the  Pi<fture  fhews,  but  if  it  be  of  Wood, 
and  fo  become  of  more  thicknefs,  then  muft  you  line  the  two  very  ends  of  the 
edge  of  your  Ruler  with  a  little  plate  of  Brafs  like  the  Figure  R  OP,  laid  in 
ftrait  and  even  with  the  end  of  the  Ruler,  and  at  the  end  of  that  plate  make 
two  fliarp  points,  as  O  arid  P  do  manifeft,  ftanding  even  with  the  two  very 
edges  of  the  upper  flat  of  the  Rule  ;  And  fo  the  other  end  of  the  Rule  muft 
be  placed  upon  the  fame  edge  in  the  fame  manner. 

.  Now  inftead  of  this  Semicircle  in  narrow  places,  and  where  room  is  want¬ 
ing,  may  a  Triangle  of  paft-board  be  ufed  for  the  elevation,  or  depreffion  of 
any  thing,  the  Figure  whereof  appears  with  the  Semicircle. 

The  ufe  of  the  Semicircle  is  general  j  As  upon  a  Line  drawn  any  where^ 
to  projeli  any  Altitude  or  Depreffion  aboTe  or  below  the  Horizon.^ 
from  a  fixed  Point  that  Jiands  at  a  diflance  from  that  Line, 

THe  manner  is  eafie :  For  if  you  hold  the  edge  of  your  Ruler  to  the  fix¬ 
ed  Point,  and  alfo  apply  the  point  of  that  edge  to  the  Line  given,  re¬ 
moving  it  higher,  or  lower,  till  the  Thread  hanging  down  by  the  fide  of  the 
Sepaicircle  directed  to  it,  at  full  liberty,  do  fall  upon  the  Altitude  intended, 
then  doth  the  Ruler  lie  at  the  Altitude  or  Depth,  and  proieft  it  from  the  fixed 

Point 
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Point  into  the  Line,  as  is  required :  You  mufl:  in  this  Work  (as  occafion  is) 
turn  the  Ruler,  and  remove  your  Semicircle,  and  fo  in  other  occafions. 

%  Note,  That  wherefocver  in  the  following  Precepts  I  mention  the  Semi¬ 
circle,  a  Quadrant  fo  fitted  with  a  Ruler,  and  divided  on  both  fides,  will 
fufficiently  ferve  the  turn. 


CHAP.  IV. 

A  general  and  mo§l  eajie  way  to  projeB  Hour-Lines  upon  all  kinds  of 
Superficies  without  any  regard  had  to  their  Jtanding^  either  in  re- 
fpeS  of  Declination  or  Inclination, 

IE  T  a  Gnomon,  being  firft  fhafpned  into  a  Point,  be  fhaped,  and 
faftned  in  fuch  wife,  that  it  no  way  hinder  either  the  draught  of 
the  Horizontal  Line,  or  the  Point  of  the  fhadow  from  having  free 
— ^  accefs  to  the  Dial  at  all  times  of  the  Year. 

2.  Draw  an  Horizontal  Line,  by  help  of  your  Semicircle  in  a  true  Level 
both  in  regard  of  it  felf,  and  alfo  to  the  Point  of  the  Gnomon,  through  the 
whole  Superficies  on  which  the  Dial  is  to  be  deferibed.  Or  having  two  Points 
in  the  fame  Level  with  the  Point  of  the  Gnomon,  project  it  upon  your  Super¬ 
ficies,  if  it  be  a  rugged  one.  And  i£the  Superficies  be  more  than  one,  or  if 
any  of  them  be  very  much  inclined  toward  the  Horizon,  or  elfebe  veryrug^ 
ged,  or  far  remote  from  the  Gnomon,  fo  that  it  will  not  at  all,  or  not  fo  well, 
receive  an  Horizontal  Line  upon  it,  you  may  Either  fet  up  feme  Board,  or 
fuch  like  Object,  upon  which  for  a  time  you  are  to  inferibe  the  Horizontal 
Line,  and  by  help  of  which  the  Hours  are  to  be  projected  upon  the  Super-' 
'ficies ;  Or  elfe  (which  perhaps  will  be  better)  you  may  extend  a  Thread  in 
the  Air  (it  matters  not  which  way,  nor  whether  from  the  Gnomon  towards 
the  Sun,  or  from  the  Sun  :  whether  ftretcht  out  in  one  length, or  with  returns, 
fo  long  as  it  lieth  juftly  parallel,  in  every  Point  of  it,  to  the  Horizon,  and  in 
the  fame  Level  with  the  Point  of  the  Gnomon :)  which  being  fixed  in  this 
manner,  will  very  well  fupply  the  ufe  of  the  Horizontal  Line :  or  the  Hori¬ 
zontal  Line  may  be  partly  Thread,  and  partly  drawn  upon  the  Superficies, 
as  occafion  fhall  be.  And  upon  it  may  any  Point  be  transferred,  and  figned 
out  by  flipping  knots  of  Thred  tied  upon  it. 

1 .  Upon  the  Superficies  of  the  Dial,  obferve  the  Point  of  the  Shadow  of 
the  Gnomon  (making  a  mark  at  it)  and  the  Sun’s  Altitude,  both  of  them 
at  the  fame  inftant  of  time. 

4.  By  the  Altitude  obferved,  compute  the  Azimuth  of  the  Sun  from  the 
Meridian. 

5.  The  fame  Azimuth  mufl:  be  transferred  unto,  or  projefted  upon, 
the  Horizontal  Line  by  help  of  a  Perpendicular  Thread,  covering  to 
your  fight  (as  it  hangeth  down)  the  Points  of  the  Gnomon  and  Shadow 
both  together ;  and  at  the  fame'View  cutting  through  the  Horizontal  Line : 
obferve  then  punctually  where  it  cuts  through  the  fame  Line ,  for  that 
fame  SeCtion  being  figned  thereon,  fhall  be  the  Azimuth  projected  into  the 
Horizontal  Line. 

6.  Let  any  kind  of  board  or  paft-board  be  now  applied  to  the  Point  of  the 
Gnomon  j  fo,  as  that  it  may  be  ftaid,  either  upon  the  Horizontal  Line  (where 

it 
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it  may  fo  be  conveniently)  or  at  leaft  fo  placed  toward  the  Horizontal  Line, 
that  it  may  have  a  juft  refpeft  unto  it,  and  in  that  pofture  may  have  fome  ftay 
for  the  edge  of  it  to  reft  upon,  that  after  it  is  furnih-ied  with  fuch  neceffary 
Lines  as  muft  be  drawn  upon  it,  itmiay  be  placed  in  its  former  juft  pofture 
without  any  Impeachment.  Upon  this  Plain  fo  placed,  let  the  Point  of  the 
Gnomon  be  figned,  which  may  be  called  the  Center  ;  and  from  this  Center, 
to  the  Sign  of  the  Azimuth,  before  projefted  into  the  Horizontal  Line,  draw 
a  right  Line  :  this  right  Line  fo  drawn,  fhall  reprefent  upon  the  board  or  paft- 
board,  the  fame  Azimuth  which  was  before  computed. 

7.  Idien  taking  away  the  fame  Plain,  draw  upon  it  the  Meridian  or  I ane  of 
1 2  ;  extending  it  from  the  Center  before  noted  ,  at  the  true  Angle  that  it 
hath  from  the  Azimuth  before  computed  and  deferibed,  and  alfo  toward  the 
true  Coaft  of  the  World.  And  let  it  be  extended  on  both  fides  the  Center 
if  need  be. 

8.  To  the  Meridian  fo  pitched  upon  the  paft-board,draw  (from  the  Center) 
the  Lines  of  an  Horizontal  Dialmade  to  that  Latitude  wherein  you  arc. 

9.  Then  again ,  let  the  plain  board  or  paft-board  be  applied  to  its  former 
fituation,  the  Center  of  the  Horizontal  Dial  refting  upon  the  Point  of  the 
Gnomon,  and  every  thing  elfeanfwering  tothefime  juft  pofture  that  it  had 
atthehrft.  Which  done,  let  a  Thread  be  fixed  in  the  Center  of  the  Hori¬ 
zontal  Dial,  by  help  whereof  you  may  transfer  every  hour  from  the  paft- 
board  intojihe  Horizontal  Line.  Let  every  hour  be  therein  noted  (by  fixing 
marks  upon  the  Horizontal  Line  where  it  is  drawn,  or  by  Hipping  knots  fet 
upon  the  Thread,  where  a  I'hread  Horizontal  Line  is  ufed)  efpecially  mark 
out  the  hour  of  12  :  For  which  (if  it  chance  to  run  befides  the  Superficies) 
fome  kind  of  Objeft  (whereon  the  Horizontal  Line  is  alfo  to  be  drawn)  or 
an  Horizontal  Thread  muft  be  faftned,  that  may  receive  it,  till  fuch  time  as 
your  Dial  be  finifhed. 

10.  After  all  this,  take  your  Plain  away  (for  there  will  now  be  no  more 
need  of  it)  and  conjeflure  whereabout  the  Axis  of  the  World,  would  pafs 
from  the  Point  of  the  Gnomon  to  the  Poles  of  the  World,  for  into  that  place 
is  the  Meridian  to  be  projefted.  Which  that  it  may  be  done  more  commo- 

'  dioufty,  if  no  objecl  ftand  in  the  way  that  will  receive  it,  you  muft  place  one 
there,  it  matters  not  whether  above  or  below  the  Gnomon,  chufe  that  which 
is  moft  convenient  :  Or,  a  Thread  laid  aflope  in  the  Meridian  juftly  as  it 
ought,  will  ferve  as  well  as  may  be.  If  then  you  hold  up  a  perpendicular 
Thread,fo  that  by  your  eye  you  may  fee  the  Point  of  the  Gnomon,  and  alfo  the 
Point  of  1 2  in  the  Horizontal  Line,  both  together,  the  fame  Thread  fo  hang¬ 
ing,  fhall  fliew  where  the  Meridian  is  to  be  drav/n.  Or,  you  may  extend  a 
Thread  from  the  Point  of  the  Gnomon  to  the  Point  of  1 2  in  the  Horizontal 
Line,  which  Thread  fliall  reprefent  the  Line  of  1 2 :  And  ftaying  your  Thread 
there,  clofetoit,  hang  up  two  perpendicular  Threads  at  a  good  diftance,  fo  ‘ 
ihail  the  fame  two  Threads,  give  you  the  track  of  the  Meridian  Line. 

1 1 .  The  next  Work  will  be  to  projeft  one  of  the  Poles  of  the  World  (that 
namely,  wlftch  lies  the  fame  way  that  this  projeffed  Meridian  doth  from  the  ‘ 
Point  of  the  Gnomon)  into  this  Meridian.  And  this  is  done  by  elevating  or 
deprefting  your  Semicircle,  from  the  Point  of  the  Gnomon  towards  the  Meri¬ 
dian  Line,  according  to  the  Latitude  of  your  Place ;  for  fo  will  the  Ruler  of 
the  Semicircle,©!*  a  Thread  extended  along  by  igSig^n  out  the  very  Pole  Point. 
If  now  you  extend  aThread  from  this  Pole  Point,  to  the  Point  of  theGnomon, 
the  fame  fhall  reprefent  the  Axis  of  th^  World. 

1 2.  l..aft  of  all  j  by  thefe  helps,  all  the  hours  may  eafily  be  projeffed.  For 

if 
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if  the  eye  do  lay,  ot  proje8:,this  Thread  or  Axis  upon  each  Point  of  thbfe  hours 
that  were  inferred  before  into  the  Hprizontal  Line,,  the  Axis  upon  an  hour 
Point,  or  a  Point  upon  the  Axis,  ‘each  one  of  thofe  Proje6fions  fhall  reprefent 
upon  your  Dial,  each  of  the  hours  required, and  will  fhew  upon  every  Obje£l ! 
that  hands  in  the  way,  where  the  hours  are  to  be  drawn.  Or,  where  conve¬ 
nient  room  is  wanting  to  place  the  eye,  foas  it  may  make  this  Proje6f ion  ; 
there  may  2  Threads  be  ufed  for  the  fame  purpofe,  one  whereof  muft  befaft- 
ned  to  the  Point  of  the  Gnomon,  the  other  to  the  Pole  defigned  in,  the  Meridian 
Line.  Tlien  Ifretching  one  of  the  Threads  to  any  of  the  Points  noted  in  the 
Horizontal  Line,  and  holding  it  there,  you  may  take  the  other,  and  extend 
it  to  the  Superficies,  fo  as  it  may  clofely  pafs  by  the  firft  Thread,  by  which 
Work  you  may  make  as  many  Points  upon  your  Superficies  as  you  pleafe, 
through  which  each  hour  is  to  be  drawn.  Having  thus  traced  the  way  before 
hand,  you  may  afterward  draw  the  hours  without  any  difficulty,  be  the  Su¬ 
perficies  never  fo  irregular.  Among  which  Lines,  the  Shadow  of  the  Point 
of  the  Gnomon,  as  it  creepeth  along,  will  fliew  the  Time  of  the  Day. 


C  H  A  P.  V. 

Let  ibh  fidtid  as  a  briefer  and  lejs  trouble fome  way ,  than  the  for^ 
mer  :  The  Problem  may  be  propounded  more  generally  than  be¬ 
fore^  in  this  manner,  •  , 

IF  a  Point  be  affigned  upon  any  Superficies  Flat  or  Curved,  one,  or  more, 
wherein  the  Hour-Lines  and  Axis  fliall  concur, how  to  proje^f  the  Hours 
to  that  Point,  and  to  fet  up  an  Axis  after’the  ordinary  manner  to  give 
Shadow  to  them  without^any  Knowledge  how  the  Dial  ffiandeth ,  in 
re{pc£l  either  of  Declination  or  Inclination.  ^ 

I,  To  the  Point  affigned  (upon  any  fide  of  it)  by  dire^lion  of  your  Semi¬ 
circle  or  other  Level,  ftretch  out  an  Horizontal  Thread,  fervingfor  the  Hori¬ 
zontal  Line ;  this  Horizontal  Line  need  not  be  one  direft  Line,  but  may  be 
turned  at  one  or  more  Angles',  provided  that  it  lie  totally  in  the  Superficies 
of  the  Horizon.  * 

2.  With  a  perpendicular  Thread  held  up,  projeft  the  Sun  into  the  affigned 
Point,  and  into  the  Horizontal  Thread,  and  tie  a  little  mark  of  Thread  upon 
the  fame  Horizontal,  through  which  the  Shadow  cutteth.  At  the  fame  in- 
fiant  alfo,  take  the  Sun’s  Altitude. 

5,  By  the  Altitude  taken,  find  out  the  Azimuth  ;  This  Azimuth,  whUt 
ever  it  be,  is  reprefented  by  the  knot. 

4.  Apply  a  paft-board  to  the  affigned  Point,  and  hold  it  flat  that  it  may 
anfwer  to  the  Horizontal  Thread  alfo,and  upon  this  paft-board  protrad  your 
Azimuth  by  a  Thread  extended  from  the  Point  affigned  for  the  Center,  to 
the  mark  upon  the  Horizontal  Thread.  This  done, 

5.  By  help  of  that  Azimuth  upon  your  paft-board,  protracf  the  Meridian 
Line,obferving  the  true  Coaft,  and  quantity -of  the  Angle  from  the  Azimuth : 
and  to  the  Meridian  dcfcribe  an  Horizontal  Dial. 

6.  Applying  the  paft-board  to  its  place  again,  all  things  ftandii^  right  as 
before,  proje£l  all  the  hours  into  the  Horizontal  Thread  from  off  the  paft- 
board,  and  fet  marks  upon  the  farhe  for  the  points  of  each  feveral  hour  which 
marks  may  be  little  moveable  knots  to  flip  to  and  fro  upon  the  fame  Thread. 

Y  y  y  7.  Pro- 
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7.  Project  the  Meridian  Point  by  a  perpendicular  Thread  upon  fome  ob- 
je£t  into  that  place  whereabouts  you.  imagine  th^  Axis  ot  the  World  would 
pafs,  above  or  below  from  the  Point  alTigned  for  the  Center. 

8.  With  your  Semicircle  elevated  or  depreffed  (as  it  fhall  be  required)' 
from  the  Point  afligned  for  the  Center,  according  to  your  Latitude  project 

the  Pole  of  the  World.  ,  r  '  ,  ^  1  t»  1 

9.  Extend  a  Thread  from  the  Point  afTigned  for  the  Center  to  the  Poles 

of  the  World,  which  fhall  reprefent  the  Axis.  • 

10.  By  the  Point  upon  tlie  horizontal  Thread,  and  this  Axis  (either  by 
your  eye,  laying  the  Axis  to  the  hour-points,  or  laying  the  hour-knots  to  the 
Axis)  you  may  proje6l  all  the  hours  and  draw  thern ;  Or  elfeyou  may  let  the 
Axis  alone,  and  content  yourfelf  with  the  Pole-point  projeded  into  the  Me¬ 
ridian,  for  if  from  the  point  alfigned  to  be  the  Center  or  meeting  of  the  hours^ 
and  Axis,  you  extend  a  Thread  to  each  hour-point  in  the  Horizontal  Line,and 
dorepofe  (with  your  eye)  the  fame  T!  bread  upon  the  Pole-point,  then  fhalf 
the  Shadow  of  the  Thread  give  you  that  hour-line,  and  lb  do  in  all  the  reft. 

‘  II.  Yoiir  Thread  or  Axis  lying  in  its  true  fituation,  you  may  eafily  fit  an 
Axis  to  the  fame  pofture.  If  your  Dial  be  deferibed  upon  a  plain  Superficies, 
you  may  then  (by  one  fide  of  a  Nominal  Square,  applied  toa  Thread  or  Axis, 
and  the  other  fide  lying  upon  the  plain)  find  out  the  iubfiile,and  meafure  from 
it  the  elevation  of  the  Axis  above  the  plain  :  But  if  the  Dial  be  deferibed  up¬ 
on  a  curved  Superficies,  youmuft  be  content  to  fet  up  your  Axis  by  the  dirc- 

^ion  of  the  Thread  only.  .  .  .  ^  ,  .  . 

12.  This  point  affigned  for  the  Center  being  a  point  of  the  Axis,  is  as  it 
were  the  Apex  of  the  Gnomon,  unto  which  all  the  W ork  is  projected.  But 
if  it  required  to  fet  up  an  Axis  to  fuch  a  Superficies,  upon  which  the  Axis 
and  hours  will  not  meet  in  any  tolerable  manner,  becaufe  perhaps  the  Axis 
;  may  be  but  of  very  fmall  elevation  abbVe  the  Superficies,  and  yet  ail  Axis  is 
required :  in  this  cafe,  fet  up  any  point  (of  Wire,  or  Inch  like)  of  hich  di- 
-ilancefrom  the  Superficies,  as  that  the  Axis  and  hours  may  be  diflincl:: 
And  through  that  point  let  it  be  required  to  jriake  tlie  Axis  pafs,  you  have  no 
more  to  do  but  only  to  projeft  to  this  poinf,‘  as  before,  by  letting  the  Sha¬ 
dow  ofa  perpendicular  Thread  pafs  through  that  point,  and  noting  the  fame 
upon  your  Horizontal  Thread  and  counting  that  end  of  the  Wire  as  your 
Center,  proceed  as  before,  for  thoThread  that  lies  to  project  the  hours  is  a 
pattern  for  the  Axis. 

This  way  is  as  general  as  the  former,  ferving  to  prcjea:  the  Iiours  upon- 
many  Superficies,  be  they  plain  or  curved,  and  however  fituatc  whether  con¬ 
tiguous,  or  feparate,  and  that  without  any  laborious  inquifition  of  any 
of  their  Situations,  in  refpe£f  of  Inclination  or  Declination.  If  you  will  put 
.  in  that  Furniture  which  is  ufual,  you  muff  make  fome  mark  (notch,  or  but¬ 
ton)  upon  your  Axis,  unto  which  (as  reprefenting  the  Center  of  the  World) 
•  by  help  of  your  Semicircle  you  are  to  projea;  the^  A  Ititudes  of  fuch  greater  or 

leffer  Circles  as  you  intend  to  infert ;  As  hereafter  Iball  be  taught. 

.  The  1 2  Propofitions  in  the  firft  way  were  to  projed  to  an  Apex. 

; .  Thefe  12  Propofitions  anfwerable  in  the  fecond  way  are  to  pro]ecb  to 

an  Axis. 


CHAP. 
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Being  aThird  of  drawing  Hours  upon  aU  Plains  whatfoever^ 

by  the  joynt  Vje  of  the  Semicircle  and  Horizontal  ProjeSion  or 
Planifphere^  without  knowing  their  Situation  at  all. 

I 

(I)  To  dr  aw  the  Hour 'Lines  upon  any  Plain. 

( IL  )  To  project  Hour-Lints  upon  any  Superficies^  not  Plaini 

t  Hape  your  Gnomon  into  fuch  a  Form,  and  let  it  in  luch  order ,  as 
that  the  Shadow  of  the  Apex  may  not  be  hindered  from  coming 
clear  to  any  of  the  hours  at  all  times  of  the  Year,  and  to  the  Apex  . 
of  it  draw  an  Horizontal  Line,  by  the  help  of  your  Semicircle, 

which  is  inftead  of  a  Level.  ,  ,  s  i.r  1  •  r  i. 

2.  At  any  time  (except  betwixt  i  o,  and  2-a  Clock)  oblerve  the  point  or  the 

Shadow,  and  make  a  mark  at  it ;  and  fo  again,  when  the  Shadow  is  gone  a 
good  diftance  forward,  make  a  fecond  obfervation  of  the  end  of  it ,  and 
mark  it  alfo  :  Thefe  Obfervations  are  not  necelTary  to  be  made  upon  the 
fame  day,  but  may  be  done  at  leifure,  only  it  muft  be  remembred upoii 
what  days  they  were  made  ;  And  more  Obfervations  may  be  made,  but 

not  fewer.  ,  1 «  . 

^ .  Thefe  2  Points  thus  noted  are  to  be  taken ;  Firft,  as  ^  Azimuthal  Points ; 

and  therefore  the  Azimuths  whereto  they  belong  muft  be  projefted  upon  the 
Plain  in  this  manner.  Hold  a  perpendicular(Thread,or  what  elfe)to  the  Apex  ro« 

<pf  the  Gnomon,and  thenCkeeping  your  eye  at  a  good  diftance  from  theThread 
that  the  Work  may  be  the  more  exad)  remove  your  eye  until  you  fee  your^e^r  in  perpen. 
firft  mark  upon  the  Plain ;  or  hold  a  perpendicular  any  where,  and 
both  it  and  your  eye  till  you  can  fee  the  Thread  to  cut  both  the  Apex  of  thQ hiU  Ik  cno- 
Gnomon,  and  the  Point  upon  the  Plain,  dien  mark  fome  other  Point  under 
the  appearance  of  the  Thread  upon  the  Plain  ;  fo  a  ftrait  Line  drawn 
the  Plain  from  thefe  two  Points  Ihall  be  that  Azimuth-Line,  wherein  the  ftia-  vUed  only  that 
dow  of  the  Apex  was  firft  obferved,  and  it  muft  be  drawn  over  the  Plain 
blindly,  as  far  as  conveniently  it  may  both  upwards  and  downwards  i  in  the^  ^ 
fame  manner  muft  the  fecond  Azimuth  be  projeded  and  drawn  through  the 
fecond  point  of  obfervation  :  And  becaufe  thefe  Lines  fhould  not^go  further//  a  moveable 
from  the  Gnomon  than  the  length  of  the  Ruler  of  your  Semicircle  will  reach, 
and  yet  if  you  fliould  work  all  upon  the  Plain,  longer  Lines  Ihould  be  required,  of  one  upright 
you  may,  therefore  (to  help  forward  your  Work)  affix  two  little  boards 
We  upon  your  Plain,  which  may  receive  the  aforefaid  Azimuths  projeaedJ,fSw/”k» 
upon  them  by  the  Thread  held  as  before,  all  under  one  Work.  may  the  hours 

4.  Thefe  two  Points  are  again  to  be  confidered  as  the  Points  of  two 
canthers,  to  which,  that  you  may  know  what  they  are,  apply  one  point  of  tliQ  nifpiere  and 
Ruler  of  the  Semicircle  to  the  firft  of  them,  and  the  edge  of  the  Ruler  to  the  ^emidrfie. 
Apex  of  the  Gnomon,  the  Sem  icircle  it  felf  in  the  mean  time  hanging  down 
with  his  Thread  and  Plummet  at  full  liberty ;  fo  fhall  the  Thread  a- 
^  mongft 
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mougft  the  degrees  of  the  Semicircle  fliew  you  what  AKiicanther  or  Alti¬ 
tude  the  Sun  was  in  at  that  time ,  of  the  firH  obfervation ;  the  like  muft  be 
done  for  thefecond  ;  and  if  you  have  need  Iiereafter  of  more  Azimuths  ‘vou 
may  make  more  Obfervations.*  ^  ^ 

5 .  The  next  work  will  be  to  infett  points  into  the  Azimuthal  Lines, throueh 
which  to  draw  hours ;  And  tor  this  purpofe  you  mult  have  recourfe  to  vour 
Honzontal.Projeaion,  and  lay  the  Ruler  thereof  to  the  Situation  anfwerina: 
to  your  two  Azimuthal  Lines ,  as  is  thewed  in  the  remembrance  Chap-  ? 
PropoUtiM  2.  and  the  Ruler  fo  laid  is  an  Azimuth,  the  fame  with  your  tirft 
Azimuthal  Line  drawn  upon  the  Plain ;  wherefore  if  the  Altitudes  and 
Profundities  of  every  hour  upon  that  Azimuth,  or  Ruler  fo  laid  be  noted  as 
IS  mewed  m  the  Third  Propofition,  Chap.  j.  and  accordingly  by  the  Semi¬ 
circle  be  inferred  into  the  firft  Azimuthal  Line, below  and  above  that  Horizon- 
tai  you  fhall  have  the  points  of  1 2  hours,  which  may  be  for  the  prefent 
blindly  hgured,that  you  may  only  know  them  again.  The  mahrier  how  to  in- 
lert  them  IS  by  keeping  the  edge  of  the  Ruler  of  your  Semicircle  to  the  Apex 
and  the  foot  of  it  to  the  Azimuthal  Line,  where  ever  it  be,  either  plain  or 
board,<^<r.ftill  moving  It  therein  higher  or  lower,  tillupbn  tlieSefnicircle,  and 

Plumrnet hangingnglitdown.theThreadfheWeth  the  Altitude requir'd.The 

Altitudes  are  to  be  fet  below  the  Horizontal  Line,and  the  Profundities  above 
in  the  fame  manner  you  muft  count  the  fecond  A  Ititude  upon  the  Ruler  and 
apply  It  to  the  proper  Parallel  of  the  day  when  your  fecond  obfervation  was 
made,and  fo  again  place  your  Azimuthal  Ruler  upon  the  l^lanifphere  in  its  due 
Situation  anfwering  to  thefecond  Azimuthal  Line  upon  your  Planetand  upon 
It  fo  laid,  haying  fcen  what  Altitudes  and  Profundities  each  of  the  12  hours 
have, you  muft  exprefs  the  fame  Altitude  and  Profundity  upon  your  fecond  A- 
zimuthal  Line,in  like  manner  asyoudid  before  upon  the  firft,andifyouhave 
any  more,  you  may  do  the  like  upon  them,  though  two  will  ferve  turn 

give  you  where  to  draw  the 
hours,  if  like  be  joined  with  like  ;  as  if  you  draw  a  right  Line  from  the  point 

^4  in  the  firft  Azimuthal  Line  to  the  like  point  of  4  in  the  fecond,  that  fame 

oe  the  Line  of  4,  and  fo  of  all  the  reft,  both  whofe  Points  fall  upon  the 

•’y  »  Tlu-ead  projea  them  widi  your 
far  aUsuperf-y^  in  this  mannei  :  Faften  a  Thread  to  the  Apex  of  your  Gnomon,  and 

ftretch  It  with  one  hand  from  thence  to  any  point  on  the  Azimuth  nearcft  to 
iiits.  vou:  i Or.  contrariwife.  if  it- fhpll  .-.u  .1-.- u. _  • 


,  .  T  -r  -  n  1  7 - Ijcaren  to 

ypu ;  pr,  contrariwife,  it  it  fliall  be  convenient  fatten  it  at  the  hour-point: 

upon  the  Aziniuth,  and  flretch  it  to  the  Apex  of  the  Gnomon,  and  beyond  if 

xi^d  t^)  then  holding  the  Thread  ftill,rurnyour  eye,till  it  repofe  the  Thread 

upon  the  anfwerable  Hour-point  upon  the  other  Azimuth-fo  fliall  the  Thread 

give  to  your  eye  the  traa  of  the  hour  to  be  drawn  upon  the  Plain.  And  in 

tins  manner  you  may  draw  all  the  hours  except  1 2,for  that  hour-point  falleth 

always  into  the  very  Zenithand  Nadir  point,where  the  two  Azimuthal  Lines 

concur,  winch  are  direaiy  under  and  above  the  Apex  of  the  Gnomon, fo  that 

you  have  not  two  diftina  points  to  draw  it  through,  as  you  have  for  the  reft 

firft  b  that  therefore  we  muft  have  fome  peculiar  way  which  may 

I.  Having  cleared  your  Plain  of  all  neceftkry  fuperfluity  of  Boards,  Lines 
and  Figurcs,  (^c.  Obferve  where  6  a  Clock  cuts  the  Horizontal  Line  for  if 
upon  a  paft-board  applied  to  the  Horizontal  Line  you  draw  a  Line  from  that 
Section,  to  the  Apex  of  the  Gnomon,  and  from  the  fame  Apex  draw  another 
.^n  the  palt-board  perpendicular  to  the  former,  extending  it  till  it  cut  the 
Horizontal  Line,  the  point  wiiere  it  cuts  is  the  point  through  which  1 2  mufti 

pafs, 
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pafs,  if  then  you  hold  a  perpendicular  Thread  till  through  it  you  fee  the  Apex 
of  the  Gnomon,  and  that  point  together,  the  appearance,  or  fhadow  of  the 
Thread  upon  the  Plain  is  the  Line  of  1 2  required. 

2.  Another  way  may  be  by  choofing  any  other  hour,  as  well  as  6  :  for  if 
you  obferve  upon  the  Horizon  or  Limb  of  the  ProjeHion,  what  degrees  lie 
betwixt  it  (fuppofe  9,  and  12)  you  may  apply  a  padr-board  as  before  to  the 
Horizontal  Line,  and  from  the  SeHion  of  9  thereon  ,■  to  the  Apex  draw  a 
Line,  and  upon  tlie  paft-board  out  of  the  Apex  as  a  Center  delineate  that 
Angle,  apd  draw  a  Line  for  it,  fo  fhall  that  Line  be  the  hour  of  1 2  upon  the 
pall-board,  and  fliew  upon  the  Horizontal  Line  where  1 2  lliould  be,  which 
maybe  proje8;ed  again  as  before. 

5.  Another  way  will  be  if  you’ll  prolong  any  one  of  your  .Hour- lines  (but 
the  farther  from  6  the  better,  for  6  is  altogether  unfit  for  this  Work)  that 
way  which  from  the  Apex  of  the  Gnomon,  you  fliall  conceive  to  go  toward 
the  Axis  of  the  World  (which  your  own  knowledge  of  the  Heavens  will 
direftyouin)  there  theRuler  of  your  Semicircle  being  kept  at  the  Apex  of 
the  Gnomon,  the  point  of  it  may  be  removed  upon  the  hour  till  fuch  time 
as  the  Plummet  hangs  at  your  Latitude,  and  the  Ruler  then  will  lie  in  the 
Axis  of  the  World,  and  at  the  foot  of  your  Rtiler  lb  placed  in  that  Hour-line 
make  a  Pointy  This  Point  is  that  which.in  other  ways  of  Dialling,  is  the 
Center  of  the  Dial,  to  this  therefore  the  hour  of  1 2  muff  come ;  If  then 
you  by  'a  perpendicular  Thread,  will  fee  the  Apex  of  your  Gnomon  and  this 
Point  together,  the  fame  Thread  fliall  upon  the  Plain,  fliew  you  alfo  the 
place  where  12  mud  be  drawn.  And  note  that  from  the  points  upon  one 
^zimuth  to  this  point  (found  by  the  third  way)-you  might  draw  or  proje6l 
all  the  former  hours,  or  moil  of  them,  in  fuch  fort  as  is  fliewed  before.  And 
further  be  ever  mindful  that  youdr^w  all  the  Hour-liiies  (in  what  place  of 
the  Plain  foever  they  happen  to  be)  down  that  way  that  they  may  come 
under  the  Horizontal  Line,  by  fufRcient  extending  them  thither ;  for  other- 
wife  they  will  not  be  of  any  ufe :  fince  the  diadow  of  the  Apex  is  always  un¬ 
der,  never  above  the  Horizontal  Line. 

Thefe  Precepts  tliough  they  are  here  fet  down  as  for  plainnefs  only,  yet  the 
ingenious  will  eafily  lind  how  to  apply  them  to  any  curved  Superficies ;  only 
the  Work  in  them  will  be  a  great  deal  more,  and  of  more  trouble  ;  but  thefe 
will  be  better  done  by  my  lafl  way,  which  is  morefimple  and  general  than 
this  :  yet  notwithfianding  for  the  Furniture  of  Dials,  both  here  and  in  my 
lafi,  I  intend  to  make  ufe  of  this  way  by  the  Horizontal  Planifphere,  which 
istheeafiefl  that  ever  was.  And  when  I  mention  the  Horizontal  Plani¬ 
fphere  :  I  would  not  have  the  Reader  think,  that  thefe  things  can  be  done 
by  no  other  Inftrument ;  for  the  Mathematical  Jewelof  Mr.S/4^r4w’s,firi^  r  Note,  n 
contrivance,  fince  amplified  by  Wix,  ^ohnF aimer  BN^Eiox  oi,Ec^ton.{r\  / 

fhampto^Jhire,  will  do  all  thefe  things  to  all  Latitudes,  whereas  this 
do  them:  but  for  Dials  in  one  Latitude;  and  otherways  I  can  do ,  and  iolfahandabfoiu 
doubt  not  but  others  will  alfo  find ;  but  I  would  have  him  know" this  withal, ^ 
that  no  one  Projedion  is  fo  eafie  for  this  Work,  a§  this,  and  therefore  .1  mzdejomanies^of 
choice  of  it,  and  have  fitted  it  with  fuch  Lines  as  I  could  yet  find  to  be  mofi  ^ 

ufeful  for  the  purpofe  intended.  I  proceed  therefore  to  fhew  how  by  it  and  ItmTfeaftei 
the  Semicircle,  all  that  other  men  have  writtw  on  this  Sufijeft  may  moft 
eafily  be  performed.  ’  7- 
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CHAP.  VII. 

TJj^on  a  Plain  (but  not  upon  a  curved  Superficies )  to  make  a-  Dial 
vsith  an  Axi^  to  any  Point  ajfignedfor  the  Center, 

P;*oje£l  a  Dial  to  the  Point  of  a  Gnomon,  the  projeQi  ve  wav  * 
f  hen  having  alTigned  your  Center,  from  It , ’drai  hours  Sd 

Axis  furniihed  with  hours.  Lr  the 

A  ote^  That  it  muft  pafs  through  the  Center  of  the  Dial,  and  muff  be  parallel 
to  that  Axis  that  was  drawn  from  the  Point  of  the  Gnomon. 

Now  to  fet  it  abfolutely  parallel,  it  mult  be  remembred,  that  when  the 
Gnomonical  Axis  is  repofed  upon  the  Center  of  this  new  drawn  Dial  -  mulf 
alfo  cover  the  new  Axis,  that  is,  to  your  fight,  muft  lie  juft  under  it,  and  bdr  s 
limited  to  that  Superhaes  you  may  the  more  eafily  ftretch  a  Tly  ead  from  the 
Centei,  parallel  to  theGnomonical  Axis:  Or  ufe  your  Semicircle  beingelevL 
ted  to  your  Latitude,  and  kept  in  the  fore-named  Superficies. 


CHAP.  VIII. 

i 

How  to  TrojeEi  Hours  upon  a  Glafs-Wlndow,  where  the  Hours 

Jball  be  drawn  within,  the  Gnomon  fiandin^  without  where  you 
cannot  come  at  it,  ‘ 


r 

y  X  your  Gnomon  on  the  out-fide  of  the  Window,  and  obferve  the 
i  point  of  the  Shadow  that  It  makes  upon  the  Giafs,  makingamark 

films  inftant ,  wherebv 

■  o  R.,  ®  •^^‘"™that  that  moment  may  be  dilcovered.  ’ 

\  il'  r  ^  Q.“‘*^pnt,  Semicircle,  or  Level,  draw  an  Horizontal  Line 
ffithe  ^  the  Point  of  the  Gnomon.  This  may  be  done  if  you 

ie  HeX  4  u  fallmgupon  the  perpendicular  Line  will  direft  voii 

■DuSw^'^rin  f  ^ '""P"  be  fitted  up  hfgS  or 

«n  dHhem  H  w  ®y®  '’‘®wing  along  the  forenamed  levd-edc^c 

Qn  diicern  the  Point  of  your  Gnomon.  Obferve  at  that  time  and  in  rltar 

fmarkat  k'Tn?f  Gnomon  appears  upon  the  Giafs,  and  make 

thrfe  ’  I  ^  °  ^  A®  "’"‘be  a  fecond  mark ;  throuef, 

■  ifW  “.r 

to  "Pbread  diredcd  to  the  mark  of  the  Azimuth  and 

pro  eaentole  “^ether,  the  fame  d.zimuth  muft  be 

Horizonta  Lhie  and  th^Th  *e  Seftlon  of  the 

for  you.  ^  ^  ™  "  Thread  appearing  upon  the  Giafs  will  determine 


4.  From 
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4.  From  this  Azimuth  muft  a  Meridian  Line  be  found  out,wherein  will  be 
a  little  trouble,  the  way  that  I  go  about  it  is  this.  Apply  a  paft-bord,  as  A  B  C 
D.  to  the  Horizontal  Line  upon  the  Glafe  which  is  A  B.  upon  the  paft-board 
being  held  truly  Horizontal  Pro- 
jeO:  with  a  perpendicular  Thread 
the  Azimuthal  Point  E  which  was 
before  inferred  into  the  Horizon¬ 
tal  Line  A  B.  and  let  the  Line  pro- 
je8;ed  be  C  E.  Then  again  (to¬ 
wards  that  Coaft  whereuntoyour 
Meridia-a  Line  ftandeth)  with  a 
perpendicular  Thread, proje(T  up¬ 
on  the  fame  paft-board  (held  Ho¬ 
rizontal,  and  in  the  fame  place  as 
before)  any  other  Azimuth  at  ad¬ 
venture,  as  F  (4.  cutting  through 
the  Point  of  the  Gnomon  at  G. 
and  through  the  Horizontal  Line 
at  H.  To  F  H.  draw  E  D  Paral¬ 
lel,  and  from  E  C.  which  is  your  Azimuth  before  found,  fet  off  E  M.  for  the 
Meridian,  according  to  the-true  Coaft  and  Angle.  Next  of  all,  you  are  to 
draw  a  Meridian  Line  parallel  to  E  m,  which  may  pafs  through  the  point  of 
the  Gnomon,  all  which  to  cftb8:  there  are  many  ways,  amongft  them  I  will 
give  this  one.  From  H  draw  H  I  parallel  to  E  C.  cutting  E  D  at  1.  then  alfb 
make  E  K  upon  E  C  equal  to  H 1.  and  from  K  draw  K  L  parallel  to  A  B.  the 
Horizontal  Line  cutting  E  M,  in  L ;  And  to  K  L  make  E  N.  upon  the  Hori¬ 
zontal  Line  equal ;  fo  fliall  N.  be  the  point  of  1 2  upon  the  Horizontal  Line, 
whereon  it  muft  be  inferibed,  and  N  1 2’  being  drawn  parallel  to  E  M.  fhall 
be  the  Meridian  or  Line  of  12,  upon  the  paft-board  (ifthere  were  any  ufe  of 
it  there)  fully  rcfpeifting  the  point  of  the  Gnomon  at  G. 

0 

Or  if  you  defire  to  fave  all  this  labour  of  thefe  4  precedent  Sections,  oblerve 
upon  fome  other  Dial,  or  by  fome  Meridian  Line  before  found,  when 
the  Sun  corner  to  theMericiian  \  and  at  the  fame  inftant  make  a  mark 
upon  the  Glafs  at  the  point  of  tlicGnomon’s  fliadow,  fo  fliall  that  mark 
be  one  point  of  the  Meridian  or  12a  Clock  line.  But  this  ferves  only 
for  fuch  W  indows  as  bok  upon  the  South  5  for  North- Windows  there¬ 
fore,  the  former  way  muft  of  neceftity  be  ufed. 

' 

5.  Having  found  one  point  of  1 2  by  one  of  thefe  ways, you  are  next  to  pro- 
jeT  the  Meridian  Line  upon  the  Glafs, which  becaufe  it  is  alfo  an  Azimuth,  as 
well  as  a  Meridian  may  be  projefted  by  help  of  a  perpendicuIarThread  lb  held 
until  the  eye  fhew  it  at  once  to  fall  both  upon  the  mark  of  the  Meridian  noted 
before  upon  the  Glafs ;  and  alfo  upon  the  point  of  the  Gnomon ;  the  lhadow 
then  of  this  Thread  foheld  fhall  Ihew  upon  the  Glafs  where  the  Meridian  is 
to  be  di'awn.  Remember  alfo  to  draw  it  both  ways,  that  is  above  and  be¬ 
low  the  point  of  the  Gnomon. 

6.  Into  this  Meridian  you,are  next  to  projeft  the  point  through  which  the 
Axis  of  the  World  would  pafs,  which  if  you  were  without  the  Window, and 
could  come  at  the  point  of  the  Gnomon, might  be  done  as  in  the  other  Dials  by 
the  Semicircle ;  But  becaufe  you  are  within,  and  the  Gnomon  without,  you 
muft  help  your  felf fome  other  way,  as  thus.  Hold  your  Semicircle  or  (^a- 

drant^ 
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ted  according  to  the  height  of  thTpoIe  "and  '•-leva- 

elevation  and  direfted  alfo  to  the  point  of  the 

Inftrument, keeping  one  end  ofit  aKvays  in  S°HH  ’  t  ^  tlic 
viewing  along  that  fide  that  isfoelevaL  Ihall^re  Afi"  r‘"^’  P^^'-eye 

of  the  Gnomon,  and  then  diligently  mark  in  w/h  ^  upon  the  point 

tt  lerteth  for  that  point  is  thlpof  “e^d  ‘'^^^^ridianline 

men’s  poin^Pro  point  Ttlm  Axt\hetor®h“  ''’"°“®‘^ 

lea  your  Meridian  before  found  tlSi^  Pfr  Thread’p^ 

bemg  duly  heId,upon  the  Meridkn  and  miSther 
and  at  the  lame  time  obferve  where  it  feePmc  “’®^"omon  both  together 

at  the  apparent  interfeaion  faften  a  knot  for  the  m’  !  ’“>  P^°‘''^°"tal  T^hread  ’ 
at  the  fame  time  and  view  fall  Ide,  l  ®  P?i"^.  '  2.  You  may  alfo  ’ 

objea Handing  there  whereabout  ^onie 

fl^^dow.of  t^e  Thread ffthSfo  ^2 

the  P»  "boai'io  t\P^ft-b"tdFan^aVpiym" 

the  Horizontal  Thread  “ndfafteVku^ofT^  *e  hours  from ’the 

,,  9-  Proieftthe  Meridian  of 

iome  objea  placed  in  the  way  wherahom  Z  Room,  or  upon 

wou  d  pafs,  as  is  declared  in  L  fwemh  S  of  the  Worid 

Semicircle  elevated  or  depreffed  according  before.  And  with  vour 

°  '10!  By  diisS^  mK  pP£of  World.'""'’ 

y«S”&  p,„  „ 

where  more  room  is)  thatifLl  Fl/,"  1’®^‘"“"Pooit,  to  a  lai-ier  naFFr 
?  r  i  This  exteriour  Drau^t  you  maV Fhp^T’°'r  °P  the  Draught 

to  G  being  theCenter,&  G  N  the  Mendbn  vn  '®P°?  Pt'PPly,  and 

and  project  the  hours  upon  A  B  the  tt  ^  Horizontal  Diaf 

board.-  Now  then  if  youapSy  °P  the  Glafi  or  Sfl 

TOontal  Poims,  to  its  firft  Simatwn  wLh  h'lfa'd  with  thefe  h1 

to  A  ii,  the  Horizontal  Line  drawn  upoi  Fhe  r  if  r"'’^  '‘‘“sfer  the  fame  Points 
Glals-window  through  thnfe  Pr^*  «-  ^  Glafs,  then  may  you  unnn  o  fl 

them  which  were  drawn  theother  wav  n  ‘  P®”’®  hours  with 

theniyou  may  by  the  j  Points  given  fli'^  ’  be  not  flat 

the  Gnomon, and  the  Hour-pomts  onihe  HorlSal  ?’ of 
left  the  Lines  on  a  curved  Glafs  Super&i«  Tml  ^  Thread,pro- 

perncies.  Remember  that  the  Point  men- 

rioned 


Projective  dialling.  93 

tloncd  in  the  Sixth  Seftion,  ftands  above  the  Horizontal  Line,  jf'the  Win- 
d\3W  look  Southward,  and  below  if  the  Window  look  Northward. 

< 


*  C  H  A  P.  IX. 

I 

How  to  delineate  the  Hours  upon  any  Superficies^  without  that  way 
by  the  Semicircle  of  elevating  an  Axu  ;  by  obferving  both  the  Hour 
and  Azimuth  at  one  Altitude  taken. 

^  Gnomon.  (2.)  Obferve  the  Sun’s  Altitude,  and  make  a  mark 
of  the  fliadow  of  the  Gnomon’s  point  both  at  one  moment. 
(^.)  By  the  Altitude  conclude  the  Azimuth  ,  and  the  hour  or 
part  of  it.  (4.)  FrojeQ:  the  Azimuth  into  the  Horizontal  Line. 
(5.)  By  that  Azimuth  protraft  an  Horizontal  Dial  upon  paft-board,  and 
amongfl:  the  reft  that  hour  or  part  of  an  hour  that  wasobferved  [which  muft 
be  therefore  calculated  what  Angle  it  maketh  with  the  Meridian  upon  tbe 
Horizontal  Plain  thus.  As  the  Radius  to  the  Sine  of  the  Latitude :  fo  the 
Tangent  of  that  hour  or  part,  to  the  Tangent  of  the  Space  or  Angle  required.] 
And  projeft  the  Meridian,  and  all  the  Hour-points  from  the  paft-board  into 
the  Horizontal  Line.  (6.)  Having  now  the  Meridian  Point  (by  a  perpen¬ 
dicular  Thread)  proje£f  the  Meridian  Line,  or  Line  of  1 2,  and  draw  (upon 
a  Plain  or  ProjeQ;  upon  a  rugged  Superficies)  that  hour  or  part  occultly  that 
it  may  be  put  out,  of  which  you  have  two  points  given,  one  by  Obfer vation, 
the.other  by  Impofition  into  the  Horizontal  Line.  (7.^  By  thefe  two  Hour- 
lines,  this  laft  and  the  Meridian  find  out  the  Axis  with  your  eye,  ut 
SeB.  2.  (8.)  Then  by  the  Axis  projeft  all  the  Hour-lines  by^the  points  upon 
the  HorizontahLine,  &c. 

2.  Or,  without  obferving  the  hour,  but  ufing  the  Semicircle  do  thus, 
keeping  the  work  for  the  moft  part  as  is  above  declared ,  enquire  what 
Altitude  fome  one  hour  in  the  Horizontal  Line  hath  upon  that  Azimuth  * 
And  firft,  having  drawn  the  Azimuth  Line  projefted  upon  the  Superficies, 
exprefs  by  the  Semicircle  the  Altitude  found,  upon  the  Azimuth  drawn: 
So  having  two  points  for  one  hour ;  one  in  the  Azimuth,  the  other  in  the 
Horizontal  Line ,  projefl  the  fame  hour  by  the  Semicircle,  and  draw  it,  as 
alfo  the  Meridian.  By  thefe  two  hours  make  an  Axis,  as  before ;  Or 
as  here  followeth. 

If  you  will  ftay  to  obferve,  from  fome  other  Sun-Dial,  the  Sun’s  approach 
to  any  one  hour  juftly,  then  make  a  mark  there,  you  fliall  not  need  to 
put  in  any  other  hour  to  be  afterwards  blotted  out,  but  that  which  is 
fo  put  in  fhall  be  a  true  hour,  neither  fhall  you  need  to  calculate,  as’ 
is  before  required.  . 

Hours  being  drawn  to  a  Gnomon.^  how  make  an  AiXk. 

The  Point  of  the  Index  is  one  Point  of  the  Axis,  if  another  Point 
were  known  befides,  then  might  the  Axis  be  drawn ,  or  a  Thread 
placed  fo  as  the  Axis  ought  to  be.  To  find  another  Point  ufe  either 
of  thefe  two  ways. 

A  aaa  i.  Faften 
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1.  Faften  one  Thread  from  the  Point  of  the  Index  to  any  one  Hour-line  a 

good  way  below  the  Horizontal  Line, and  anotherThread  to  another  liour  that 
may  be  5  or  6  or  7  hours  from  the  former  (the  more  near  to  6  hours  thb  bet¬ 
ter)  thefeThreads  being  held  or  faftned  as  is  prefcribed,  there  muft  be  ftretch' 
ed  out  from  each  of  thefe  Hour-lines  (in  fome  other  part)  to  their  proper 
Threads,  two  Threads  more,  fo  as  that  they  may  only  touch  (and  not  force 
upon)  the  two  firft  faff  ned  Threads,  and  thefe  two  Threads  being  brought 
together  in  that  manner  till  they  meet,  and  cut  each  other,  this  Point  of  In 
terfeaion  will  be  another  Point  where  through  the  Axis  is  to  pafs  If  there^ 
fore,  a  Thread  be  extended  from  the  Point  of  the  Index  or  Gnomon  unto  this 
Point  of  Interfeaion,the  fame  Thread  is  the  reprefentative  Axis  of  the  World 
and  an  Axis  of  Iron  i&c.)  laid  in  place  of  it  will  give'the  true  fhadow  for  the 
Hour-lines.  ^  ^ 

2.  Or  the  iixis  may  be  found  thus :  Faften  a  Thread  at  the  Point  ofthe  In¬ 
dex  or  Gnomon, and  ftretch  it  out  with  your  hand  till  you  fee  it  to  cover  anv 
one  Hour-h^  there  hold  itfaftby  flaying  or  reftingyour  hand  upon  fome 
fuftentacle ;  Then  try  by  your  eye  whether  the  Thread  fo  flanding  will  cover 
another  houf,  that  is  5  or  d  or  7  &c.  hours  from  the  former,  if  it  do  fo  and  do 
not  make  any  Angles  with  it,  then  is  it  the  true  Axis ;  If  it  do  not  fo’  then  is 

It  to  be  removed  until  it  fit  in  fuch  manner  as  is  declared  :  fo  mav  the’Dattern 
oftheAxisbeeafilyftretcliedoutbyaThread.  tiie  pattern 
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How  to  ProjeS  anj^our-line  from  a  WaU  upon  a  Board,  which 
fiandeth  as  an  hindrance ,  fo  that  you  cannot  extend  any  firait 
Thread  from  the  Point  of  the  Gnomon  (orGlafs)  to  the  faid 
Hour-line  at  all,  becaufe  of  the  fame  Board.  ^ 

Ake  a  mark  upon  the  Hour-line  in  any  part  of  it ;  Then  extend  a 
Itrait  1  hread,  one  of  whofe  ends  let  be  faftned  to  the  forefaid 
mai  k,  and  the  other  end  at  a  good  diftance  from  the  Gnomon’s 

Ah  p  •  /  then  repofe  the  Thread  with  your  eye  upon 

^e  Pomt  of  the  Gnomon,  and  oblerve  the  fliadow,  or  ap4aran4  of^e 
Thre^  upon  the  Board,  and  draw  a  Line  along  with  it.  Again  ftretch 
your  Thread  out  ftrait  to  fome  other  place  ,  fo  as  you  may  fee  the  Gno¬ 
mon  again  under  the  Thread,  and  then  mark  where  this  fhadow  of  this  ' 
tond  placed  Thread  feemeth  to  crofs  the  former  Line  drawn  upon  the 
.board,  there  make  one  mark;  thcB  again  repeat  the  fame  Work  that  is  ' 
make  a  new  mark  upon  the  Hour-line,  and  faftning  a  Thread  to  it  find 
^t  another  Pomt  upon  the  Board  in  the  fame  manner  as  you  did  before,  fo 

^ur  Hour-lhe  ^  t^efe  wo  PoiL  you  may  draw 

Note,  That  the  Board  muft  be  fuppofed  fo  to  ftand,  that  though  you  can¬ 
not  cometo  ftretch  a  ftrait  Thread  from  the  Gnomon  Point  to  any  part 
ot  the  Hour-line,  yet  you  may  have  room  to  ftretch  a  Thread  crookedly 
over  or  under,  or  upon  one  fide  of  the  Board.  ^ 

This  Cafe  fuppofeth  a  Board  to  ftand  between  the  Hour-line  and  theGno- 

mon  j 
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mon  ;  but  i£  in  cafe  you  were  to  projeQ:  the  hour  from  the  Board  to  the  Wall 
that  is, beyond  it,  do  thus.  ^ 

Make  a  mark  in  the  Hour-line  upon  the  Board,  and  ftretch  a  Thread  from 
the  Gnomon  to  any  part  of  the-Wall,  at  a  good  diftance  from  the  Board,  and 
repofe  this  Thread  upon  the  mark  on  the  Board,  then  draw  the  fhadow,  or 
line,  that  the  Thread  makes  upon  the  Wall,  and  upon  the  other  fide  of  the 
Board  too,  which  ycu.may  do  (nf  not  both  together,  yet)  after  that  is  drawn 
upon  the  W all,  for  by  help  of  it  you  may  eafily  draw  one  upon  the  other  fide 
of  the  Board,:  TThen  again  ftretch  out  the  Thread  to  fome  other  place  of  the 
Wall, and  repofe  it  again  upon  the  fore-named  mark,  and  obferve  then  where 
it  crolfeth  the  former  Lines  drawn  on  the  Wall,  and  on  the  other  fide  of  tha 
Board,  and  make  marks  at  thofe  crofies.  Thus  again  you  are  to  do  over  the 
fame  Work  to  another  fecond  mark  made  upon  the  Hour-line,  By  which 
means  you  may  draw  the  fame  Hour-line  upon  both  Board  and  Wall,  if  need 
be,  through  thefe  two  firlt  and  fecond  crofTes  found  upon  them.  Now  if  it 
fall  out  that  upon  the  Wall  you  cannot  draw  a  Line  though  you  have  two 
marks,  by  reafon  the  Wall  is  not  flat,  then  will  the  Line  (or  one  part  of  it) 
which  was  drawn  upon  the  fide  of  the  Board  that  looks  to  the  Wall  help  you 
to  projeH  upon  the  uneven  Wall.  For firetching  a  Thread  through  the  two 
Points  given  upon  the  Wall,  and  tying  another  Thread  to  any  Point  of  the 
Hour-line  drawn  upon  the  face  of  the  Board  that  looks  upon  the  Wall,  you 
may  (by  this  tied  Thread  apply’d  to  the  other  ftretcht  Thread)  projedl  the 
hour  upon  the  uneven  Wall.  So  that  the  Hour-line  drawn  upon  thebackfide 
of  the  Board  ferves  to  do  that  which  the  Point  of  the  Gnomoii  (if  it  could  be 
come  to)  (bould  do.  In  the  fame  manner  the  Wall  will  help  toprojed  the 
}iour  upon  the  Board,  if  the  fame  fliould  prove  uneven. 


This  Work  (at  firft)  did  not  appear  to  me  any  ways  ufeful :  For  if  a  right 
Line  cannot  be  drawn  from  the  Point  of  the  Gnomon  to  the  Wall,  how 
can  the  Sun-Beams  (which  is  a  ftrait  Line)  come  at  it  from  that  Gno¬ 
mon,  and  if  it  come  at  it  what  ufe  is  it  of  ?  At  prefent  thinking  it  of  no 
ufe  (as  many  Notions  of  the  like  kind  have  fometimes  been  to  me ;)  Yet 
this  transferring  the  Hour-line  from  the  Wall  to  the  Board,  may  (bnae- 
timesbe  (and  once  was  to  me)  of  ufe :  For  if  a  Sun-Dial  be  drawn  up¬ 
on  a  Board,  and  it  fall  out  that  that^Board  be  taken  away,  fo  as  that  the 
Sun-Beams  thereby  be  taken  off  too,  then  it  will  be  good  to  transfer  the 
hours  from  the  Board,  to  the  Wall  or  Superficies  ftanding  behind,  to 
fave  them  that  they  be  not  utterly  lofl:. 


C  H  A  P.  XL 

To  draw  a  Dial  u^on  a  flat  Superficies  by  means  ofSThree  Shadows 
of  a  Stile ^  caufedby  the  Sun  upon  the  fame  Superficies  in  one  Day ^ 
without  knowing  either  the  buris  Declination ,  the  Elevation  of 
the  Pole^  or  Situation  of  the  Plain, 

N  the  firfi:  Figure ;  Let  the  Plain  be  C  D  F,  and  the  Stile  A  B,  whe- 
ther  perpendicular  to  the  Plain  or  not,  for  it  fufficeth,  to  know  the  Sha- 
dows  of  the  extremity  B,  viz..  D  E  F,  obferved  in  one  and  thefame  J)ay; 
that  is  required  by  means  of  thofe  three  Shadows,  and  of  the'Stile  A  ip, 
to  trace  a  Dial  proper  for  the  place  of  Obfervation.  From 
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I'rom  tire  Point  B,  (the  extremity  or  ton  of  the  Sri  Kw  Nz-u  c  o 
let  iall  BC,  perpendicular  to  the  Plane,  meecin<T  with  it  in 
It  happen  that  the  Stile  be  not  perpendicular)  dien  trom  C’  r 
DE  F,  draw  the  Lines  CD,  C'E,  CR  ^  P°'nts 

Then,  (in  the  fecond  FisureJ  make  a  riahr  T  inc  nt 
to  CF,  and  take  therein  a  Line  i,  2  cquii?^C  F  ^  !’  ^ 

Jet  the  perpendiculars,  2,,:  ,,6:  4  7.  Ha  fed  Ln  ’ "T' 
equal  to  BC,  the  height  of  the  Stile’in  the  firft  Fi<n]rehthen  from''p6 
to  each  of  the  Points  5, 6,  and  7.  let  right  Linfs  be°drawn  "  e  T 
making  With  1,4:  the  Angles,  c.  A  r  .  .  ^  .  ..  1,7 

fS  f  /TP  Ii  ^  xJ*  .1 


heigh(or  Elevadon  of  the  Sun^Lv’eVhe^Horizoi^at^bM^imr^nr^r^ 
non  of  the  Shadows,  the  Angle  5,  r,  .,Tshado?bin"arid‘''*' 

the  Shadow  being  at  D;  and  7,  1,4  the  Shadow  bemg 

the  A  thed.ftance  i,^  1'.™"  defe  La 

to,tx.  from  whence  let  fall  Perpendiculars  upon  r;4,'W,(5rietbe  f^'s: 

^fr  be  mi  ?hOPofnJ  a  ‘*’®d  K ‘‘‘1  a'®*®  ’  as,  a  fet 

■  ^,1  ■  t^oint  A,  and  by  it  draw  the  three  Lines  da  a  can  and 

C  F  ‘(!eTd  Angles  equal  to  the  Angles  made  by  the  Lh« 

oln  e?uaft?FC#“‘''d  to  Ins  own,  and'on  the  famLde, 

&Ts**  and  maC P‘'oJooged  on  the  contrary  fide,  1  (f  “as 

.  ftijirilprf'  "I"*'?  “■  W  ia 

of.l»lerg,b  .,P:  wl,ich^4„air„fei,ft?B'',q*;jrg  “ 

t  f X; 

PG,  deferibe  the  Circle  GMN,  wSwmrVS\reEquk^^^^^^ 


To 
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/  ,  i 

.  To  finijh  the  Dial, 

^1  E  Meridian  of  the  place  mufl  be  found,  which  will  be  done  if  from 

f  the  Point  B,  (the  extremity,  or  top  of  the  Stile)  a  Thread  be  let  fall  • 

with  a  Plummet  fharp  at  the  end,  until  the  point  thereof  touch  the  Plain, 
as  here  in  point  K,  (in  Fig.  i,)  by  which  from  point  I,  drawing  a  right 
Line  I  K  L,  that  fliall  be  the  Meridian  of  the  place.  If  the  Plummet  let 
fall  from  B,  the  top  of  the  Stile  do  not  touch  the  Plain,  then  put  the  Butt 
or  end  of  a  Ruler  to  I,  the  Center  of  the  Dial,  and  fo  as  that  one  of  the 
Arrefts  or'Sides  palTing  by  the  point  B,  the  top  of  the  Stile,  then  find  a  point 
in  the  Ruler,  from  v/hence  a  Thread  and  Plummet  let  fall  may  cut  or  touch 
the  Plain  as  aforefaid,  which  will  be  the  Meridian  of  the  place. 

And  if  the  Plain  be  Vertical,  that  is  perpendicular  to  the  Horizon,  which 
is  easily  known  by  applying  a  Thread  and  Plummet  to  the  Plain,  for  if  it  rafe 
and  touch  the  Plain,  then  is  tlie  Plain  an  upright  Plain ;  And  then  to  find 
the  Meridian,  is  but  to  apply  the  end  of  the  Thread  to  I,  the  Center  of  the 
Dial,  and  letting  the  Plummet  hang  at  liberty^  draw  a  right  Line  by  the* 
Thread,  which  fliall  bethe  Meridian-line  of  the  place.  Laffly,  Produce 
IK,  the  Meridian  of  the  place,  till  it  cut  the  Eqihno6lial  as  in  the  point  L, 
to  which  from  the  point  P,  let  be  drawn  a  right  Line  P  L,  cutting  the  Cir¬ 
cle  GM  N,  in  M,  that  Line  will  reprefent  the  Equinodial,  the  Line  of  12 
a  Clock  of  the  place  for  which  the  Dial  is  made ;  Divide  therefore  the  Circle 
into  24  equal  parts ,  beginning  from  the  point  M,  and  from  the  point?, 
by  every  of  thofe  Divifions  draw  Lines  to  the  Equinoff  ial,  and  then  from 
the  Center  of  the  Dial  I,  draw  Lines  to  thofe  Points  in  the  Equinoftial, 
which  will  be  the  Hour-lines  for  the  Dial ;  to  wLich  Hour-lines,  give  the 
Number  or  Denomination  according  to  that  of  the  Lines  drawn  from  P,  To 
the  point  of  the  Equinodial  Line  by  which  it  paffeth  ,  (as  for  Example) 
drawing  a  right  Line  from  P,  by  N,  wLicli  is  the  third  Divifion  after  M  ' 
(fuppofing  M,  to  be  on  the  Eaft)  that  fliall  be  the  Line  of  Three  a  Clock 
which  fliall  cut  the  Equinoftial  iirO,  drawing  I  O,  that  will  be  the  Line 
of  Three  a  Clock  of  the  Dial,  and  doing  fo  for  the  reft,  the  Dial  isfinifhed, 
in  which  the  Hours  ftiall  be  fhewn  by  the  Shadow  of  the  top  of  the 
Stile  only. 

It  is  to  be  obferved,  that  in  all  Dials  the  Morning  Hours  .ought  to  be 
marked  on  the  Weft-fide,  and  the  Evening  Hours  on  the  Eaft. 

To  explain  what  was  faid  before  about  finding  the  Meridian-line 
of  the  Place,^  by  a  Ruler  ^  with  a  Thread  and  Plummet, 

> 

LE  T  in  the  fourth  Figure  the  Stile  be  A  B,  the  Center  of  the  Dial  Figure 
D,  if  then  from  B,  be  let  fall  a  Thread  and  Plummet,  the  Thread  IV. 
joined  to  B,  happens  to  fall  without  the  Plain,  the  Rulef  I D,  muft  be  ap- 
.  plied  fo  as  that  one  Arreft  or  Side  thereof,  touch  both  the  Center  of  the 
Dial  in  that  Figure  D,  and  the  top  of  the  Stile  B  ;  then  finding  a  point  in 
the  Ruler  from  whence  letting  fall  the  Plummet  it  meeteth  wdth  the 
Plain,  that  point  fliall  be  the  Meridian  of  the  place,  and  drawing  from  the 
.  Center  of  the  Dial  D,  by  that  point  a  right  Line,  that  right  Line  fhall  be 
the  Meridian  of  the  place  ;  But  if  the  point  in  which  the  Plummet  toucheth 
the  Plain  be  fo  near  the  Center  that  it  is  difficult  to  draw  the  Line  exaclly, 

.  B  b  b  b  then 
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which  apply  the  'riiread  with  the^pTumme"  hangi’n|  af  liberty*^  the^\^’- 
another  1  bread,  flaying  one  of  the  Butt  ends  on  the  point  B  ’  and  extend^ 
ing  the  other  towards  the  Plain  in  ftich  fort  that  it  mav  cur  rhp  nrl,  . 

Thread"^^'"'-^*®'!^’  i  t*'at  point  o^  meeting  of  the’^wo 

Thieads,  being  the  point  to  which  the  Thread  extended  Lm  I 

meet  the  Plain  as  H,  fhall  be  the  xMeridian,  and  drawing  D  H  it  is  found 

We  ipeak  not  here  of  all  the  Difficulties  that  mav  hanne’n  in  -k- 

a  Dial  by  three  Shadows ;  as  when  the  Center  of  the  DiaHs^nnr 

nor  when  the  Meridian  of  the  place  cannot  be  there, 

thofe  Difficulties  would  require  a  compleat  Gnomonift.  'olution  ot 

It  may  be  qbferved  front  our  conftruQion  in  the  third  Fi<rure  that  if 
^  be  nt  a  right  Line,  then  that  Line  is  the  Equinoftial  of  tlw  Pk  n^ 
and  that  It  IS  aPolai-plain  ;  And  that  if  the  Plain  be  Vertical  its  Meridian’ 
line  will  be  that  of  Six  a  Clock  of  the  place,  to  wit,  in  the  oriental  or  Pa  ft 

and  of  Six  at  Night  in  the  Well  Face  •  The 
®  '■*'®  Semidiameter  of  the  Equinoftial  as  B  C  '  in  ri 

firfl  Figure,  but  the  Hour-lines  of  the  place  inflead  of  mLtina  in 
I,  the  Center,  are  all  Parallels  one  unto  anoffieiv  ^ 
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Shewing  federal  ways  whereby  to  find  the  Star’.  Hour  readily,  and 
,  conjequently  the  true  Hdur  of  the  Night  by  the  Stars. 

THere  are  feveral  ways  by  which  the  Horary  diflance  from  the 
Meridian  (call’d  the  Star\  Hour)  may  be  obtaiLd  :  As, 

! 

I.  By  any  Quadrant,  or  other  Inftrumental  Dial,  which  ^heth 

the  Hour  of  the  Day  by  the  Sun. 

I  Will  Illuftrate  tliis  in  the  Ufe  of  Mr.  Gunter's  Quadrant,  it  beino'  an  In- 
ftrument  more  frequeiuly  known  than  any  other  of  that  kind  T For 
Ifyouobferve  the  fame  Rules  in  finding  the  Ws  Hour,  as  is  direft^d 
for  finding  of  the  Hour  of  the  Day  by  the  Sun  ■  that  is,  by  fetting  the  Bead 
to  the  Stars  Decimation,  inflead  of  the  Sun's  Declination,  Ld  then  obferyj 
the  Stars  AUttudeys  if  it  were  the  5a»’s  Altitude,  the  Bead  ffiall  thenffiew 

t3eridlan°“'’  ‘ 

But  here  you  are  to  Note,  That  this  way  of  finding  the  Star's  Hour  is 

peculiar  to  fuch  Stars  only  as  are  between  the  Tropicb.  Wherefore  ano! 
ther  more  general  way  may  be  this :  ^  ncrcioie,  ano- 
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II.  Bj  a  Sun-Dial  made  under  the  Soyl,  and  on  the  Jaums  of  a 
Jetty  Window^  on  the  injide  of  a  Room,  And  fuch  a  Dial  may 
be  made  by  the  Rules  delivered  in  the  ^th,  6  th  and  yth 
Chapters  of  the  Eighth  Trafilate;  or  according  to  thefe  Dire^ 
blions  following, 

HAving  made  a  fmall  round  hole  in  any  Quarry  of  Glafs  in  the  Win- 
dow,  and  darkned  the  other  part  of  the  fame  Quarry  round  about 
the  hole,  you  rnuft  upon  the  Window-Board  draw  a  Meridian  Line,  which 
Line  mufl  pafs  direOrly  under  the  hole  before  made ,  and  mpft  be  trans¬ 
ferred  to  the  Cieling  of  the  fame  Room ,  by  the  help  of  Perpendicular 
,  Threads. 

Then  from  the  hole  in  the  Window,  to  the  Meridian  Line  on  the  CieL 
ing,  extend  a  String,  till  (by  the  help  of  your  Semicircle)  it  make  an  Angle 
equal  to  the  Latitude  of  the  place  you  make  the  Dial  in ,  and  where  the 
String  (with  this  condition)  fo  refteth,  fix  the  end  of  the  String  in  that  point 
' "  of  the  Cieling,  letting  the  other  part  of  the  String  hang  at  liberty. 

This  done,  by  help  of  an  Horizontal  Dial  whofe  Center  (for  the  pre- 
fent)  mufi:  be  placed  in  the  hole  in  the  Window ;  the  Lines  of  which 
muft  alfo  be  extended  by  a  Thread  fixed  in  the  Center  thereof,  by  which 
Line  extended  over  each  Hour,  and  the  String  before  fixed  in  the  Cieling, 
the  Hour-lines  may  be  transferred  and  marked  upon,  or  under  the  Window- 
Board  ;  and  alfo  upon  the  Jaums  and  Cheek  Pofis  of  the  faid  Window,  and 
there  numbred  by  Letters  or  Figures. 

Now  fuch  a  Z)/4/ being  made,  I  fhall  fhew 

How  to  find  the  Hour  by  the  Sun  in  the  day  time,^  and  any  Star’j 
Hour  (or  his  Horary  difiance  from  the  Meridian)  in  the 
^  Night  Seajon*  .  . 

i.  By  the  Sun. 

''  I  "'H  E  Sun  fhining  through  the  hole  before  made  in  the  Window,  move 
Jt  the  String,  whofe  end  is  fixed  in  the  Cieling,  along  the  Hour  Points 
which  are  marked  about  the  Window,  until  fuch  time  that  the. Spot  of 
Light  that  cometh  through  the  hole  of  the  Window  fhineth  upon  the 
String,  and  then  fee  upon  what  Flour,  or  part  of  an  Hour  the  String  reft- 
eth,  for  that  is  the  true  time  of  the  Day. 

a.  By  the  StsiTS. 

"^His  differeth  little  from  the  former ;  for  when  through  the  Window 
1  you  fee  a  known  Star^  and  would  know  his  Hour,  move  the  String 

along  the  Hour  Points  as  before,  till  fuch  time  as  you  bring  your  Eye,  the 
String,  the  Hole,  and  the  Star^  all  four  in  one  and  the  fame  Plain,  or  right 
Line ;  for  then  will  the  String  reft  upon  that  Star's  Hour,  or  his  Horary 
diftan'ce  from  the  Meridian. 

III.  By 
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IIL  By  a  Dial  made  in  d  Tard  or  Garden. 

IN  fome  convenient  open  place^  erea  a  Pole  perpendicular  to  the  Ho 
rtz.on^  about  i-o  or  12  foot  high;  then  provide  a  Frame  of  Wood  in 
form  of  a  ParaMogram^  of  what  bignefs  you  pleafe,  (bur  the  fides  beino- 
2  loot  broad,  and  3  foot  long,  is  a  competent  bignefs)  within  the  Jrea  of 
this  Frame  make  the  true  Hour-Lines  of  an  Eaft  and  Weft  Dial  •  which 
.  Hour-Lines  may  be  of  reafonable  big  Wyre,  and  upon  the  edges  of  the 
Frame,  which  ought  to  be  of  a  competent  breadth  (as  4  or  <  inches)  to 
draw  Lines  upon,  and  to  fet  the  Numbers  of  the  Hours,  the  Forenoon 
Hours  on  the  Eaft  fide,  and  the  Afternoon  Hours  .on  the  Weft  fide  and 
over  the  Hour-Line  of  fix  erea  an  Jxis  (of  a  competent  length)  as  if  it 
were  a  Sun-Dial :  Which  Dial  being  thus  prepared,  if  you  fet  it  upon  the ' 
mimerereaed  Pole,  lo  that  the  two  ends  of  the  Frame  may  ft  and  due 
JNorth  and  South,  and  the  Stile  thereof  Parallel  to  the  Axis  of  the  World 

then  IS  It  fit  for  ufe ,  either  to  find  the  Hour  of  the  Day  by  the  Sun  or  the 
Star\  Hour  in  the  Night,  ’ 

J,  By  the  Sun. 

THis  is  all  one  as  if  it  were  a  Dial  made  againfl:  a  Wall ;  for  the  fha- 
dow  of  the  Jxit  upon  the  Frame  will  (hew  the  Hour  of  the  Dav. 

a.  By  the  Stars. 

WHen  you  fee  a  Star  you  know,  and  would  find  th^t  StaPs  Hour  * 
move  your  felf  about  the  Poft  (coming  nearer  to  it,  orgoincr' 
farther  from  it)  as  occafion  offereth,  till  you  bring  your  Eye  the  Jxif 
^d  the  Star  in  the  fame  Plain  or  right  Line,  and  then  mind  upon  what 
Hour-Line  (or  between  what  two  Hour-Lines)  is  intercepted  by  that 
view  for  that  is  that  StaPs  Hour;  and  by  this  Dial  you  may  at  anv 
time  know,  /  ^ 


What  Stars  are  upon  the  Meridian,  For, 


IF  you  go  behind  the  North  end  of  the  Frame,  and  look  by  the  fide  of 

the  Frame,  you  fhall  fee  what  Stars  are  then  upon  the  South  part  of 
the  Meridian.  ^  ^ 

And  if  you  go  behind  the  South  end  of  the  Frame,  and  look  by  the  fide 

u  what  Stars  are  upon  the  North  part  of 

the  Meridian.  p  .  ^ 


And  thus,  the^^^r’s  Hour  (by  any  of  the  forementioned  ways)  beino- 
obtained,  ^e  true  Hour  of  the  Night  may  be  alfo  known,  by  help  of  the- 
following  Tables  of  the  and  StaPs  right  Afcenfion.  • 


! 

4  TABLE 
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A  TABLE  of  the  Complement  of  the  Sun’j  Right 
Afcenjion  in  Hours  and  Minutes  for  every  Day  in 
the  Tear, 
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A  TABLE  of  the  Complement  of  the  Sun’j-  Plight 
Afcenjion  in  Hours  and  Minutes.^  for  every  Day  in 
the  Tear,  .  '  . 


Days. 

July. 

Augulh 

Sept. 

08:0b. 

Nov. 

Dec. 

h,  m. 

h,  m. 

h,  m. 

1 

2 

3 

4 

5 

4  J7 
4  33 

4'  29 

4  25 

4  21 

2  35 

2  5 1 

2  27 

2  23 

2  20' 

0  41 
0  57 
0  54 
0  50 
0  27 

10  50 

10  48 
10  45 

10  41 

lo'  38 

^  53 

8  49 

8  45 

8  41 

8  57 

6  45 

°  39 

°  35 

6  31 

6  26 

6 

7 

8 

9 

lO 

4  17 

4  13 

4  9 

4  5 

4  I 

2  16 

2  12 

2  9 

2  5 

2  2 

0  2^ 

0  19 

0  16 

0  12 

0  '  9 

0  5 

0  I 
II  58 
II  54 
II  51 

10  34 

10  30 

lo  26 
10  22 

10  19 

8 

0  29 

8  24 

8  20 

8  15 

6  22 

6  '  18 

6 

f,  ^ 

6  4 

11 
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^  I4 

15 

?  57 

j  53 

3  49 

3  45 
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I  46 
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10  7 

10  3 

lo  0 

8  II 

8  7 

8  2 

7  5S 
7  53 

6  0 

5  55 

5  51 

5  4^ 

5  41 

16 

18 

19 

20 

3  31 

3  33 

3  29 

3  25 

3  21 

\  39 

I  S5 

I  J2 

I  .  28 

I  25 
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II  4^ 
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II  ^6 

“  33 

9  5<5 
9  52 

9  48 
9  44 
9  40 

7  49' 

7  45 

7  41 

7  37 
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5  3^' 

5  32 

5 : 27 
5  23 

5  19 

21 

22 

23 

24 
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3  17 
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3  9 

3  5 

3  2 

I  21 

I  17 

I  14 

I  10 

^  7 

II  29 
II  25 
II  21 
II  18 
II  15 

9  36 
9  32 
9  28 

9  24 

9  21 

7  28 

7  24 

7  20 

7  15 

7  II , 

5  15 

5  n 

5  ^ 

5  2 

4  57 

26 

27 

28 

29 

30  • 

31 

2  58 

2  54 

2  ^0 

2  46 

2  42 

2  39 

"  3 

0  58 

0  5<5 

0  52 

0  49 

0  45 

II  II 
II  7 

”  3 

10  59 

10  56 

9  17 

9  13 

9  9 

9  5 

9  I 

8  57 

7  7 

7  3l 

8  58 

8  54 

8 

4  53 

4  49 

4  44 

4  40 

4  35 

4  30  f 

A  Table 
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A  Table  of  the  Right  Afcenfion  of  fome  eminent  Fixed  Stars^ 
and  by  them  to  find  the  Hour  of  the  Night,  and  .when 
they  will  be  upon  the  Meridian. 


The  Stars  Names. 

R.Jf- 

cenfton. 

*. 

« 

j 

«• 

The  Stars  Names. 

R,Jf 

cenjion. 

1 

The  Southerm,  in  Whale  Tail. 
Girdle  of  Andromeda. 
Foremojl  Horn  of  the  Ram. 
Whale’i  Belly, 

h.  m. 

0  27 
0  51 

I  36 

I  36 

North  Ballance, 

The  Crown, 

ScorpionV  heart,. 

Hercules  rkht  Shoulder, 

h.  m. 

3  0 

S  25 

4  9 

4  16 

South-loot  of  Androm. 
WhaleV  faw. 

Brightejl  of  the  Seven  Stars, 
BuE^s  Eye^  Aldebarcn. 

1  4^ 

2  4$ 

3  28 

'4  17 

Hercules  Head,  ^ 
Ophinons  Head, 

Lyra,  The  Harp, 

Vulture's  Tail, 

5  0 

5  20 

6  22 

6  51 

The  Goat^  Capella. 

OrionV  foremojl  Shoulder, 
OrionV  Head, 

Orion  V  Belt^  the  Middle, 

4  50 

5  8 

S  17 

5  20 

The  Swan's  Bill, 

The  Vulture, 

Lower  Horn  of  the  Goat, 
Swan's  Breajl, 

7  18 

Z  85 

8  II 

Great  Dog^  Cyrius. 

Little  Dog^  Procion. 

Lower  head  of  the  Twins, 

North  Afellus. 

6  31 

7  22 
7  26, 
8-  23 

Swan's  Tail, 

•  Lower  Wing  of  the  Swan, 
Cepheus  Girdle, 

Pegafus  Mouth, 

8  31 

8  33 

9  2< 
9  28 

South  Affellus. 

Lion's  Heart, 

Lion's  Tail, 

Vindemiatrix. 

8  25 

9  Zo 
II  32 
0  47 

Fomahaut. 

Scheat. 

Mereha. 

Head  of  Andromeda, 

10  39 
10  48 

10  49 

11  50 

Spica  Virginis. 

Arflurus. 

BooteV  left  Should, 

South  Ballance, 

1  8 

2  I 

2  19 

2  23 

CafiiopeaV  Chair, 

*  f 

II  S3 

-  — 

' '  ^  The  VJe  of  thefe  Tables, 

i  • 

I,  Example :  Suppofe  that  upon  the  ^  rft  of  December  I  find  the  Great  Dog^Sf 
Horary  Difiance  from  the  Meridian  (or  his  Hour)  to  be  9  Hours  and  22 


Minutes, 

h,  w. 

The  Comp,  of  the  Sun’s  Right  Afcenfion  for  Decemb.  3 1 .  is,  4  30 

The  Right  Afcenfion  of  the  is,  ,  .6  31 

And  the  Star's  Hour  (by  your  Dial)  is,  '  9  22 

Thefe  being  added  together,  make  -20  23 

From  which  take,  1 2  Hours,  ^nd  there  refts  8  Hours  ^d>  ?3  min.  for  the 
true  Hour  of  the ‘Night,  2,  Example, 
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2.  Example,  Upon  the  i  ith.  of  December  I  obferved  the  Horary  Diftance 
of  ihQ  BuIPs  Eye  to  be  8  Hours  and  56  minutes  from  the  Meridian  and  T 
would  know  the  true  Hour  of  the  Nif^ht,  -  ’ 

wj  7 

k 

Decembhi,  The  Sun*s  Right  Afcenfion  is,  '  / 

The  Right  Afgenfion  of  the  BulPs  Eye  is  ^ 

That  Starts  Hour  is  (by  the  Dial^  g 

'rhefe  three  being  added  together,  mak^ 

From  which  SubRradl 


00 

17 

5^ 


20 

12 


I? 

00 


There  remains  g 

Which  is  the  true  Hour  of  the  Night. 


^3 


?.  Example.  I  obferved  the  Hour  of  Jrclurus  upon  the  6th.  February 
to  be  24  minutes  after  6  ;  and  I  would  know  the  true  Hour  of  the  Night. 

J^bruary  6.  The  Comp,  of  the'^S/z/^’s  Right  Afcenfion  is,  i  <8 

TheRightAfcenfionof.^r.?;zr/^is  ’  2  01 

The  <S^4r’s  Hour  obferved  by  the  was  •  5  24 

The  Sum  of  thefe  malos  10 
Which  is  the  true  Hour  of  the  Night. 

’  _  *  p 

For,  Th  s  is  a  geiieral  Rule ;  If  you  add  the  Right  Jfcenfm  of  any  Star 
he  CompIemMt  of  the  Sm's  Right  Jfcenjica,  and  the  Star's  Hour,  all  three 

^  greater)  that  Sum  Ih’alirth: 

i  ^rft  Example  before  going,  where  unon  the 

^  t^  Decemkr  the  Great  Dogs  Uont  w^s  9  Hout's  22  minutes  fr^m  the 
Meridian--The  Complement  of  the  Sun's  Right  Afcenf, on  was  4  Hours  to 
minutes — And  the  Right  Afcenfion  of  the  Great  Deg  was  6  Hours  minut«  • 
thefe  three  n^bers  being  added  together,  and  1 2  Hours  abated  (becaufe  the 

Great  Dog^s  Hour 

Complement  of  the  Ws  Right  Afcenfion 
Great  Dog^s  Right  Afeenfioa 


k 

9 

4 

6 


m 

25 

3c 

SI 


Their  Sum 
Dedu6l 

There  remains 


20 

12 

S 


oc 


Aefo?mJr 

manner  by  thefe  Dials  may  be  found  the  Hour  of  the  Night 
^eMoon  (and  this  may  be  ufeful  fdr  fuch  as  know  not  the  Stars)  but  the? 
muft  then  know  the  Age  of  the  Moo^,  which  any  Almanack  will  afford.  *  ^ 

The  End  of  the  tfinth  TR  AC  TAT  E. 
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PROJECTIVE  DIALLING: 

O  R,  O  F  ' 

InfcrtingthQUCnsil  FURNITURE 

S  U  N-iS  I  A  L  S, 

P  ROJ.ECtiV  ELY, 


The  Tenth  TRACT  A  T  E. 


CHAP.  I. 

Of  Furniture  in  General, 


I. 


ZJwttthsy  or  2  Points  of  the  Compafs^  may  be  proje8:ed  into  aiiy 
!  ^  Dialdiredly,  as  the  nours  were  in  this  manner.  Upon  the  Plain 
/  (whereon  you  drew  the  Horizontal  Dial,  and  from  the  fame 
M.  Center  therein  fixed)  defcribe  a  Circle ;  and  upon  it,  fet  oflP from 
the  Meridian  Line,  each  tenth  Azimuth  by  dividing  each  Quadrant  of  the 
Circle  into  nine  equal  parts,  or  each  Point  of  the  Compafs  by  dividing  the 
feveral  Quadrants  into  eight  equal  parts ;  and  applying  the  Plain  to  its  firft 
pofture,  by  a  Thread  from  the  Center  of  the  Circle,  projeQ:  thefe  Azimuths 
or  Winds  into  the  Horizontal  Line,  making  marks  in  the  fame  Line  for  each 
one  of  them,  as  you  did  before  for  the  hours.  After  this,  from  the  Point 
of  the  Gnomon,  fet  a  Thread  perpendicularly  either  upward  or  downward, 
which  may  reprefent  the  Zenith  Line,  and  is  therefore  the  Axis  of  all  the 
Azimuths.  By  this  Thread  then ,  and  the  Points  figned  out  in  the  Horizon¬ 
tal  Line,  you  may  projeQ;  the  Azimuths  or  Winds  in  the  fame  manner  as 
you  did  the  hours  before.  Or  thus  :  Stretch  a  Thread  from  the  Point  of  the 
Gnomon,  to  theTeveral  Points  of  the  Azimuths  in  the  Horizontal  Line :  and 
note  the  Nadir  Point  direftly  under  the  Point  of  the  Gnomon,  upon  fome 
obje8:  laid  there  for  that  purpofe.  Then  if  wjdi  your  eye  you  repofe  the 
Thread  before  extended  upon  the  fame  Nadir’ l^int,  the  fhadow  or  appea¬ 
rance  of  the  Thread  will  fliew  upon  the  Dial  Superficies  where  the  fame 
Azimuth  is  to  be  drawn.  The  like  mufl:  be  done  for  every  Azimuth  or  Point 
of  the  Compafs  feverally. 

f 

Almicanthers  may  beprojefted  by  the  Semicircle  itfelf,  without  any 
other  help.  For  if  you  lift  up  the  Semicircle  to  fuch  a  Number  of  Degrees 
as  anfwers  to  the  Almicanther  which  is  to  be  inferred,  and  apply  the  Ruler 

D  d  d  d  of 
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of  «,  king  m  th«t  to  the  Point  of  the  Gnomon  and  to  each  Hone 

iine,  or  to  the  feveral  Azimuth  Lines,  or  elfeto  anv  Dart  of  rhp  q?,  c 

which  you  will,  the  fame  Ruler  will  fign  out  Pointsf  through  whfeh^he  A? 
inicanthersare  tobe  drawn.  ^  nicntneAl- 

4-  Such  Almicmthrs^^erc  theProf  onions  of  Shadows  {cali  upon  Horizontal 
Plains)  to  their  upright  Bodies,  maybe  projefted  in  the  felf-fame  mann^  hv 

t  '  I 

t 

^  may  be  inferred  in  this  manner  generally  in  allT  n 

titudes  alike,  and  are  therefore  as  Univerlal  as  are*  rfip  i/  ^  ' 

the  hours.  The  reft  that  follow  muft  have  partieSar  Tables  fame^  for' 

The  Computation  of  wS  -fables 
may  be  in  fuch  manner  as  is  hereafter  fhewed.  ^  ^ 

7  ParadX'tftf  Declination ;  6.  Parallels  of  the  Length  of  the  Dan  ■ 

7.  t'a.ralLeieS  of  the  bSqtnmnfr  of  the  Twel'V‘>  Siant  mnfl-  i  ^  7 

then  D^hnation  is  according  to  their  Number  The  Parallels  of ph  e-  * 
arethefe  II  deg.  30min.for  o  lu  m  k  ;  20 deg.  ,2  min  fo?  n  r?--  h®"' 

hoot,  that  iitothoSiiliS  fc  ,“m,h  k  hfr’r  ° “  »“ 
titude,to  the  Tangent  of theDecliMtion  of  thar  ifi'^'^i^^f 'r  y°“'' 

makes  the  day  i  J  hours  long  S^So  Hi  Pa  allel,  which  being  North, 

likewife,  as  the  Rtidiw,  tothe  Sineoftwohalf  ho.f^”  ’a  So 

the  Co-tangent  of  your  Latitude,  to  the  Tangent  of  that  Pa?flieTtlut’‘ 

iS  iaiiootX.  Sjdefot  ihtt  ^ 
s  jj^Satof” /»d?iXr  ,1  .‘is 

one,  whichisgeneraltoll  em  ail  Ind  hSf 

non  in  this  manner.  ’  ^  ^  ^  wrought  by  the  natural  Ca-  • 

gin^nfngoTj-'aS,aSr^ 

Un«»pon.hicl„l,aD.,  iaeoet,  „|„c  . a 
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PROjECTirE  DIALLING. 

each  hour  may  be  found  by  .this  Proportion.  As  the  Radius^  is  to  the  Co¬ 
fine  of  your  Latitude ;  So  are  the  Sines  of  i,  2,  4, 5, 6  hours,  to  the  Sines  of 

the  Altitudes  of  the  hours  7, 8, 9, 10, 1 1, 1 2,  in  the  Morning,  or  of  5,  4,  5, 2, 
1 ,  1 2,  in  the  Afternoon,  when  the  Sun  is  in  the  Equinoftial.  At  6  the  Sun  is 
juft  in  the  Horizon.  Now  for  inferring  the  Equinodial  Line  upon  a  plain 
Superficies  any  two  Altitudes  for  two  luch  hours  as  are  at  a  convenient  di-' 
ftance,  will  ferve  turn ;  becaufe  the  Equino8:ial  being  a  great  Circle  of  the 
Sphere,  is  projected  upon  a  Plain  into  a  ftrait  Line,  and  two  Points  are  fufti- 
cient  to  dire£i:  where  to  draw  a  ftrait  Line  upon  a  Plain.  But  if  the  Super¬ 
ficies  be  manifold  or  uneven,  all  the  Altitudes  muft  be  made  ufe  of,  or  two 
Altitudes  and  the  Point  of  the  Gnomon  will  fhew  the  Equinodial  Superficies, 
and  fo  it  may  be  projeded  with  a  Thread. 

Secondly,  For  all  other  Parallels  this  courfe  may  betaken. 

1.  Find  out  the  Sines  of  the  Altitudes  of  6  a  Clock  in  all  North  Parallels 
by  this  Proportion ;  As  the  Radius  to  the  Sine  of  your  Latitude ;  So  is  the 
Sine  of  every  Declination,  to  the  Sine  of  the  Altitude  of  6  a  Clock  in  that 
Parallel  of  Declination.  By  this  Sine  found,  and  entred  into  the  Canon  of 
Sines,  you  may  get  the  Altitude  of  6  for  every  Parallel. 

2.  For  the  fame  North  Parallels,  add  the  Declination  of  your  Parallel  to 
the  Complement  of  your  Latitude,  the  Sum  will  be  the  Altitude  of  the  Sun 
tor  12a  Clock  in  that  Parallel.  Then  out  of  the  Sine  of  this  Altitude  of  1 2, 
take  the  Sine  of  theAltitude  of  6,  referving  the  Difference, 

5.  As  the  Radius^  to  this  Difference ;  So  the  Sines  of  i,  2,  J,4,  5  hours^ 
to  feveral  fourth  Numbers,  or  Sines. 

4.  To  every  one  of  thefe  fourth  Numbers,  add  the  Sine  of  the  Altitude  of 
6 ;  So  fhall  the  feveral  Sums  produce  the  Sines  of  the  Altitudes  for  every, 
hour  between  6  and  12. 

5.  Take  as  many  of  thofe  fourth  Numbers  as  you  can,  out  of  the  Sine  of 
the  Altitude  of  6  ;  fo  fhall  the  feveral  Remainders  make  the  Sines  of  the  Al¬ 
titudes  of  fuch  hours  as  are  between  6  and  Sun-rifing,  or  Sun-fetting. 

6.  Take  the  Sine  of  the  Altitude  of  6,  out  of  all  fuch  of  the  fourth  Num- 
,  bers,  as  are  bigger  than  it,  fo  fhall  the  Remainders  give  the  Sines  of  the  Alti¬ 
tudes  of  the  Sun  upon  fuch  South  Parallels  which  have  the  like  Declinations 
from  the  Equinoclial,  that  thefe  North  Parallels  have. 

IT  Thus  having  found  out  the  Altitudes  required  in  each  kind,  they  muft  be 
ordered  into  Tables,  and  referved  for  uie.  And  if  according  to  theufual 
manner  of  working  by  the  Semicircle,  you  infert  from  the  Point  of  the 
Gnomon  into  the  particular  hours  fuch  Altitudes  as  your  Tables  afford, 
you  fhall  find  pricks  through  which  to  draw  each  requifite  ParalleL  Bur, 
to  favethis  labour,  there  are  in  the  Tables  for  this  Purpofe 

ready  calculated  for  feveral  Degrees  of  Latitude, and  for  the  Sun’s  entrance 
into  every  Sign  of  the  Zodiack,  and  every  loth  Degree  thereof. 


C  H  A  P.  IL 

Of  Signs  of  the  Ecliptick  AfcendingfDefcending,^  and  Culminating, 

IF  you  would  infert  the  Signs  into  the  Hour-lines,  you  muft  find  out  what 
Altitudes  the  Interfe£lions  of  the  Ecliptick  have  with  the  hour  Circles 
(two  of  them  at  the  leaft,  to  fet  them  upon  a  Plain,  but  more  are  better,  that 

they 
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they  may  ferve  in  all  Cafes,  and  to  all  Superficies)  at  that  moment  of  timCj- 
when  the  beginning  of  any  Sign  is  Afcending,  Delcending,  or  Culminating, 
which  will  be  found  a  hard  Calculation.  It  would  be  as  eafie  to  find  what 
Altitudes  the  Ecliptick  hath  at  thofe  times  with  fome  chief  Azimuths.  But 
the  moft  eafie  way,  that  I  know,  wfillbeto  find  out  what  Amplitude  the  be¬ 
ginning  of  every  Sign,  rifingor  fetting,  hath,  and  what  Altitude  the  Eclip¬ 
tick  at  the  fame  time  cutteth  upon  the  Meridian.  And  for  Signs  Culmi¬ 
nating,  it  mufi:  be  enquired  what  Altitude  the  beginning  of  each  Sign  hath 
when  it  is  in  the  Meridian,  "and  what  Amplitude  alfo  it  hath  at  the  fame 
time  upon  the  Horizon.  -  - 

Then  for  Signs  Jfcending,  If  r  afcend,  then  is  the  Amplitude  oo,  and 
V9  is  in  the  Meridian,  and  fothe  Meridian  Altitude  of  w  is  the  Altitude  of 
the  Ecliptick  upon  the  Meridian  whilfi:  the  firfi:  Point  of  r  is  afcending.  So 
if  the  firlf  Point  of  be  afcendant,  then  likewifethe  Amplitude  will  be  oo, 
and  $  will  be  in  the  Meridian ;  fo  that  the  Meridian  Altitude  of  s  is  the  Al¬ 
titude  of  the  Ecliptick  upon  the  Meridian,  whilfi:  the  beginning  of  is  afcen¬ 
ding.  For  the  other  Signs,  to  know  what  Altitude  the  Ecliptick  cuts  upon 
the  Meridian  at  their  afcent  above  the  Horizon,  there  mulf  be  inquired; 

I.  Their  Amplitude ;  2.  The  Oriental  Angle,  or  the  Angle  made  between 
the  Ecliptick  and  Horizon  at  the  fame  time. 

1.  The  Amplitude  is  thus  known;  As  the  Sine  of  the  Latitude,  is  to  the 
Sine  of  the  Declination  of  the  beginning  of  any  Sign ;  So  is  the  Radius,  to  the 
Sine  of  the  Amplitude  from  the  Eafi:,  This  for  North  Signs  being  added  to 
90,  for  South  Signs  fubdufled  from  90,  produceth  the  Amplitude  reckoned 
from  the  South. 

2.  The  Oriental  Angle,  is  thus  found.  As  the  Co-fine  of  the  Declination  of 

the  Point  afcending,  is  to  the  Sine  of  your  Latitude ;  So  is  the  Radius,  to  the 
Sine  of  the  Angle  made  between  the  Meridian’  that  palT^th  through  the 
Point  afcending,  and  the  Horizon.  This  Angle  added  to  the  Angle  made 
by  the  fame  Meridian  and  Ecliptick,  gives  the  true  Oriental  Angle.  Now 
the  Angles  rnadeby  the  Ecliptick  and  Meridians  that  pafs  through  the  begin¬ 
ning  of  each  Sign,  are  thefe  r  1 1  ^  deg.  30  min.  «  x  1 10  deg,  5  8  min.  n  s:?- 
102  deg.  16  min.  $  vp  90  deg.  00  min.  a  77  deg.  44  min.  14  69  deg.  22 

min.  -  66  deg.  5  o  min.  Thefe,  I  fay,  are  the  Angles  before  mention’d, which 
in  thefe  Northern  Latitudes,  and  while  they  are  in  the  Afcendant,  do  look 
upwards  from  the  Horizon  toward  the  Zenith  and  North  Pole,  ortow'ards 
tfie  Arch  included  between  them.  But  their  Supplements  mufi:  be  taken  in 
South  Latitudes."  And  although  the  Oriental  Angle  do  fall  out  to  be  obtufe, 
and  the  Tangent  of  it  is  ufed  in  the  next  Work,  whereas  Tangents  ferve  no 
further  than  90, it  is  to  be  remembred  here  that  any  Arch  and  the  Supplement 
thereof  have  one  and  the  fame,  as  Sine,  fo  Tangent,  and  Secant  alfo. 

3.  As  the  Radius,  to  the  Tangent  of  the  Oriental  Angle ;  So  the  Sine  of 
the  Amplitude  from  the  South,  to  the  Tangent  of  the  Ecliptick’s  Altitude 
upon  the  Meridian.  Now  thefe  Altitudes  upon  the  Meridian  being  com¬ 
puted  for  r  «  n  s  a  ^  will  be  fulficient;  lor  x  afcending,  the  Ecliptick 
hath  the  fame  Meridian  Altitude  that  it  hath  when  «  afeends ;  and  the 
fame  with  H,  and  ^  with  s-,  t  with  a,  ‘T'l  with  'll’. 

^  The  two  Tables  then  of  Amplitudes  and  ]\feridian  Altitudes  being  fra¬ 
med,  you  may  by  them  infertthe  1 2  Signs  afcending  in  this  manner  with 
leaft  trouble,  though  enough  too.  Piece  out  your  Horizontal  Line  by.^ 

returnina 
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returning  T  hread  where  need  is ;  and  upon  it  projeft  the  Amplitude^  ' 
of  the  at’cending  Signs  from  the  South,  amongft  the  Morning  hours* 
They  muft  be  protraded  firft  upon  a  Plain  or  paft-board  as  the  hours  and 
Azimuths  were  before,  and  from  thence  tranfmitted  to  the  Horizontal 
Line,  and  marks  or  knots  fet  thereunto*  Then.if  the  Meridian  Line  be 
there  all  is  well ;  but  if  it  be  not  upon  the  Dial  Superficies,  you  mufl:^ 
for  a  time, draw  or  firetch  one  in  the  Air  by  a  Thread  placed  in  the  plain 
of  the  Meridian  in  fuch  manner  as  that  it  may  receive  what  is  now  to  be 
inferred  into  it.  Into  the  fame  Meridian  therefore, by  help  of  your  Semi¬ 
circle,  infert  the  feveral  Meridian  Altitudes  of  the  Eeliptick ,  and  fet 
marks  at  them.  After  this,  you  may  without  any  great  difficulty,  pro¬ 
ject  the  feveral  Pofitions  of  the  Eeliptick,  thus  :  Stretch  a  Thread,  fixed 
at  one  end  to  the  Point  of  the  Gnomon,  to  the  feveral  marks  fet  iu  the 
Horizontal  Line, and  at  every  fuch  extent  let  your  eye  repofe  the  Thread 
upon  that  point  in  the  Meridian  which  anfwers  there  to  the  fame  Sign 
that  the  Thread  was  extended  unto  in  the  Horizontal  Line,  fo  fhall  the 
fliadow  of  the  Thread  ffiew  you  upon  the  Dial,  where  the  Line  for  that 
afeendant  Sign  is  to  be  drawn.  And  fo  having  projeQ:ed  them  all  (12 
in  number)  you  may  at  the  Eafi:  end,  among  the  Morning  hours,  write 
Signs  Afcending  with  the  Charaders  of  thofe  fet  upon  each  of  them, 
which  properly  belong  unto  them  :  and,  among  the  Evening  hours^ 
write  Signs  Defcending,  fetting  upon  each  Line  the  Charafters  of  thofe 
Signs  that  are  oppofite  to  the  former,  becaufe  when  any  Sign  is  afcen¬ 
ding,  the  oppofite  is  defeending. 

Defcending  Signs  then  are  put  in  by  the  fame  Work  that  afcending  are. 

Note,That  in  Dials  that  look  towards  the  North, you  muft  by  your  Semicircle 
projeftthe  fame  Meridian  Altitudes  upward,  above  tlie  Horizontal  Line, 
and  not  downwards,  as  in  Dials  looking  towards  the  South. 

9.  For  Signs  Culminating.  You  muft  firft  find  their  Meridian  Altitudes, 
which  is  eafily  done  for  the  beginnings  of  every  Sign.  For  having  their  De¬ 
clinations  before  fet  down,  you  muft,  if  they  be  North  Signs,  add  their  Decli¬ 
nations  to  the  height  of  the  Equinoftial,  or  to  the  Complement  of  your  Lati¬ 
tude,  Or  in  South  Signs,  fubdu£l  the  Declinations  out  of  the  Complement  of 
your  Latitude,  fo  the  Numbers  produced  will  be  the  Meridian  Altitudes  of 
the  beginnings  of  the  twelve  Signs.  Secondly,  you  muft  feek  what  Ampli¬ 
tudes  the  Eeliptick  hath,  when  the  beginnings  of  the  twelve  Signs  are  in  the 
Meridian.  To  which  purpofe  alfo,  the  acute  Angle  made  between  the  Meri¬ 
dian  that  paffeth  through  the  beginning  of  each  Sign,and  the  Eeliptick,  muft 
be  had  in  readinefs :  and  they  are  thefe,  r  £?  66  deg.  jo  min. «  nje  ni  x  69  deg. 

22  min  n  SI  77  deg.  44  min.  $  vp  90  deg.  00  min.  And  likewife  it  muft 
be  noted,  that  any  Sign  from  $  tovp  being  in  the  Meridian,  the  Ortive  Am¬ 
plitude  of  the  Eeliptick  from  the  South  is  lefs  than  90  deg.  the  Occaftve  more. 

But  any  Sign  from  to  s  polfeffing  the  Meridian,  the  Ortive  Amplitude  is 
from  the  South  more  than  90  deg.  the  Occaftve  lefs.  Now  then  the  Amplitude 
is  found  by  this  Proportion ;  As  the  Radius,  is  to  the  Sine  of  the  Meridian  Al¬ 
titude  of  the  beginning  of  any  Sign ;  So  is  the  Tangent  of  the  Angle  at  the 
Meridian  (fet  down  before  for  every  Sign)  to  the  Tangent  of  the  Ecliptick’s 
Amplitude  at  that  time  from  the  South.  The  Amplitudes  Ortive  of  the  Eclip- 
tick  when  s  and  v?  are  in  the  South  are  always  90  deg.  and  if  you  enquire  the 

E  e  e  e  Ortive 
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Ortive  Amnlitudesof  a  :£i:  tii  tlieir  Supplements  are  the  Ortive  Ampli¬ 
tudes  for  n  «  r  remembring  the  Cautions  given  before.  And  the 
Ortive  Amplitudeof  the  Ecliprick  from  the  South  when  any  Sign  is  culmina¬ 
ting  iseqnal  to  the  Occafive  Amplitude  of  the  Ecliptick  from  the  South  when, 
that  Sign  that  is  as  much  diftant  from  s  as  the  fore-named  Sign  was,  is^ 
culminating. 

%  The  Tables  of  the  Ecliptick’s  Amplitudes  from  the  South,  and  Meridian' 
/  Ititudes  being  fitted,  youmuftnow  accommodate  your  Horizontal  and 
Meridian  Lines  as  you  did  before  for  afcendingSigns ;  and  then  among  the 
Morning  hours  from  a  plain  Board  or  paft-board,  projeft  your  Amplitudes 
into  the  Horizontal  Line  for  the  12  Signs,  and  their  Meridian  Altitudes 
into  the  Meridian  Line  by  your  Semicircle.  And  being  thus  prepared  you 
may  prolecl  the  Eclipticks  feverally  into  your  Dial  Superficies,  and  Chai-a- 
der  each  Line  with  that  Sign  that  belongs  unto  it,  and  with  the  Chara¬ 
cter  of  the  oppofite  Sign  that  is  in  Imo  Cecli  at  the  4me  time. 


CHAP.  Ill  ’ 

By  Help  of  the  Parallels  of  the  Length  of  the  Day  may  be  infcrL 

bed  thefe  that  follow^ 

JO  Hours  from  Sun-rijing.  Ji  Hours  fro7n  Sun- fettlng,  I'l  Plane¬ 
tary  Hours.  I  ^  The  Jix  Houfes  that  are  abonte  the  Horizon, 

r  I  THE  Eaftern  part  of  the  Horizontal  Line  is  the  beginning  of the  hours 
I  from  Sun-rifing,  as  the  Weffern  part  is  the  beginning  of  the  hours 
numbred  from  Yefterday’s  Sun-fet.  Look  then  for  any  two  Paral¬ 
lels  of  the  Days  length  that  are  of  equal  or  even  number  (and'not  odd)  as 
S,  10,  12,  14, 16  :  and  if  your  Dial  be  defcribed  upon  a  Plain,  count  upon  « 
any  two  of  rhofe  Parallels  the  firff  hour  from  the.Horizontal  Line,  and  draw 
a  fii  ait  Line  through  thofe  two  Points :  the  fame  Line  if  it  be  from  the  Eaft 
part  of  the  Horizon  is  the  firft  hour  from  or  after  Sun-rifing, if  from  the  Wefb 
it  is  the  2  ^  hour  from  Yefterday’s  Sun-fet.  So  the  right  Line  drawn  through 
thefe  two  fecond  Points  from  the*  Eaft  part  of  the  Horizon  is  the  fecond  hour 
from  Sun-rifing, or  from  the  Weft  part  it  will  be  the  22  hour  from  Yefterday's 
Sun-fet,  which  are  accordingly  to  be  figured.  And  fo  of  all  the  reft. 

For  the  Planetary  hours,  choofe  out  the  Parallels  of  the  day’s  length  15 
and  9  hours ;  and  in  the  firft  take  each  5  quarters  from  the  Horizon,  in  the  fe¬ 
cond  each  5  quarters, and  draw  ftrait  Lines  through  them  if  the’Superficies  be 
plain,  the  fame  Lines  are  the  Planetary  hours,the  Meridian  being  6, the  Weft: 
Horizon  1 2.  But  in  all  thefe,  if  the  Superficies  be  not  plain,  but  either  many 
Plains  together,  or  one  curved  and  irregular,  you  arc  toftretcha  Thread  foas 
tmtyou  may  lee  the  two  Points  for  each  hour  before-mentioned, and  the  Point 
^  the  Gnomon  altogether  upon  the  Thread  ;  then  fhall  the  fhadow  of  the 
i  i^read  m  that  Pofition  exprefs  where  every  fuch  Hour-line  muft  be  drawn. 

For  the  Houfes,  find  out  by  your  Semicircle,  that  Point  in  the  hour  of  12 
that  is  level  with  the  Point  of  the  Gnomon.  If  then  your  Dial  be  upon  a- 
plain  Superficies,  draw  ftrait  Lines  from  the  fore-named  Point  through  each 
Iccond  Hour-point  in  the  Equino6Iial  Line  on  both  fides  1 2 ;  tlie  fame  Lines 
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fhall  be  the  6  Houfes  above  the  Horizon,  and  the  Meridian  Line  is  the  tenth 
Hoafe.  But  if  the  Superficies  be  curved,  hold  a  Thread  foas  that  you  may  fee 
through  it  the  forefaid  two  Points  of  each  Houfe,  together  with  the  Point  of 
the  Gnomon ;  for  then  the  fhadow  of  the  Thread  will  fliew  to  your  eye  where 
each  Houfe  is  to  be  drawn. 


CHAP.  IV. 

14.  Of  the  Rifing^  Culminating^  and  Setting  of  any  Fixed  Star. 

Suppofe  the  Star  to  be  Lucida  Pleiadum. 

TH  E  Declination  of  the  Star  Northward  is  23  deg.  00  min.  the  right 
Afeenfion  5 1  deg.  42  min.  Eirft  then,  get  the  Semidiurnal  Arch  of 
the  Star  by  this  Proportion,  As  the  Co-tangent  of  your  Latitude,  to 
the  Tangent  of  the  Star\  Declination  :  So  is  the  Radimto  the  Sine  ofthe<SW’s 
Afcenfional  difference, which  being  added  to  90  deg.(becaufe  the  Declination 
is  North, elfc  it  fhould  be  fubftraffed)  gives  the  6>4r’s  Semidiurnal  Arch.  For 
London  it  would  be  1 22  deg.  1 5  min.  This  taken  out  of  the  StaVs  right  Af- 
cenfion,  leaver h  (289  deg.27  min.)  the  right  Afeenfion  of  Medium  Cceliv^h^n 
the  Starh  rifing.Or  the  Semidiurnal  Arch  added  to  the  Starts  right  Afeenfion, 
gives  (173  deg.  57  min.)  the  right  Afeenfion  of  Medium  C(eli  when  the  Star 
is  fetting.  Then  lafily  alfo,  the  right  Afeenfion  of  the  Star  is  the  right  Aif* 
cenfion  of  Medium  Cceli  when  the  Star  culminates.  Now  having  gotten  thefe 
right  Afeenfions,  you  may  get  the  Points  of  the  Ecliptick,  their  Declinations, 
and  the  Angles  of  Ecliptick  and  Meridian  anfwerable,  in  this  manner.  As 
the  Radimy  to  the  Sine  of  66  i  deg.  So  is  the  Tangent  of  right  Afeenfion,  to 
the  Tangent  of  the  Point  of  the  Ecliptick  anfwerable.  As  the  Radius^  to 
the  Sine  of  right  Afeenfion  ;  So  the  Tangent  of  2^  f,  to  the  Tangent  of  the 
Declination  of  that  Point  to  which  the  right  Afeenfion  belonged..  As  the 
Radius,  to  the  Sine  of  2:5  i  deg.  So  the  Co-fine  of  rightAfcenfion,totheCQ- 
fine  of  the  acute  Angle  made  by  the  Ecliptick  and  Meridian. 

Then  note,  that  if  the  right  Afeenfion  of  Medium  Qeli  be  in  the  fecoodor 
third  quarters  of  the  Equator,  the  Ortive  Amplitude  of  the  Ecliptick  from  the 
South  is  lefs  than  90  deg.  xh^  Occafive  more.  But  if  the  right  Afeenfion  be  in 
the  firfi:  or  lafl  Quarters,  then  is  the  Ortive  Amplitude  more  than  90,  the 

five  lefs. - Having  found  Medium  Cceli,  fay.  As  the  Radius,  to  the  Sine  of 

25  i  ;  So  the  Sine  or  Medium  Cceli,  to  the  Sine  of  the  Declination  oL' Medium 
Cceli,  By  this  Declination  compared  with  the  Altitude  of  the  Equator,  yoQ 
may  alfo  find  die  Altitude  of  Medium  C^£’//,  which  is  the  Meridian  Altitudeof 
the  Ecliptick.  Then  again,  fay,  As  the  Radius,  to  the  Sine  pf  the  Eelipticks 
Meridian  Altitude ;  So  is  the  Tangent  of  the  Angle:between  th^  Ecliptick 
and  Meridian,  to  the  Tangent  of  the  Ecliptick’s  Amplitude,  ■  ( j-;  ' ' 

In  this  manner  alfo  may  the  appulfe  of  any  Fixed  to  any  Azimuth,  or 
Almicanther,  or  Meridian,  or  any  other  {landing  Circie,be  computed  and  in* 
ferted  ;  If  namely ,  the  Situation  of  the  Ecliptick  at  that  fatne  imosment  be 
projefted  upon  die  Dial.  j  -  •  ;i ;  • 

^  Thefe  being  found,  will  help  to  put  in  fuch  Lines  as  fliew  the  Starts  Afi 
cenfion  above  the  Horizon,  Defeenfion,  and  Culminatipa.  The  manner 

of 


I 


I 

■( 

II2  PROJECTIVE  DIALLING. 

of  putting  them  in,  is  the  very  fame  that  was  ufed  before  for  inferring  the 
Signs  of  the  Ecliptick  Afcending^  Dej'cending.^  Culmimtmg.^  fo  that  more 
Words  about  it'  -will  be  needlefs. 

♦  Thefe  are  the  principal  things  wherewith  Sun-Dials  are  ufually  furnifhed. 

If  thefe  be  well  underftood,  it  will  not  be  hard  to  infert  the  Cofmical,  Acro- 
mical,  or  Heliacal  riling  and  fetting  of  Stars,  or  any  fuch  like  requifites.  All 
the  feveral  ufes  of  each  kind  of  Lines  is  fhewed  by  the  lhadow  of  the  Point 
of  the  Gnomon,  as  it  creepeth  along  through  them. 


C  H  A  P.  V. 

*  1 

Other  Precepts  concerning  the  Inferting  or  Proje&ing  of  the  Furniture 

into  Sun-Dials. 

\ 

L  Of  the  Equator,  and  two  Parallels  thereto.  j 

_  I 

fn|nH  E  Parallels  of  the  Equator  are  ufually  diftinguifhed  by  thefe  three  i 
I  Names,  i.  Parallels ot  Declination.  2.  Parallels  of  Signs.  Pa-  | 
rallels  of  the  length  of  the  Day.  Now  all  thefe  Parallels  being  but  :] 
of  one  kind  though  of  feveral  Relations,  muft  be  put  into  a  Dial  in  one  and 
the  fame  manner;  only  you  are  to  find  which  Parallels  upon  the  Planifphere 
are  anfwerable  to  each  of  thefe,  and  this  is  fhewed  before  in  Chap.  3 ,  Self.  5. 

Now  in  general  alfo  be  admonifhed,  that  all  things  which  are  inferted  by 
this  manner 'of  Work,  are  done  by  their  Altitudes  above  the  Horizon ;  and  if 
they  be  great  Circles,fuch  as  are  the  Equator,  Eclipticks,  Azimuths  and  Hori¬ 
zon,  then  will  two  Altitudes  in  any  two  hours  of  your  Projeftion  ferve  toin- 
lert  fuch  into  any  Plain, becaufe  every  great  Circle  projeft ed  upon  a  Plain  be-  ] 

comes  a  ftrait  Line,  and  two  Points  are  enough  to  fhew  where  a  firait  Line  ^ 
is  to  be  drawn ;  But  for  every  leffer  Circle  you  muft  have  as  many  Points  of  ■ 
Altitude  as  there  are  hours,  through  which  Points  your  lelfer  Circle  is  to  be  \ 
defcribed  with  a  light  hand.  ; ; 

1.  Therefore  if  you  would  put  in  the  EquinotSfial,  choofeany  two  hours  ^ 

upon  your  Plain  (of  as  good  diftance  as  may  be,  that  your  Work  may  be 
the  tru^r)  and  look  upon  your  Planifphere  what  Altitudes  the  Equinodfial 
Circle  hath  upon  thofe  two  hours  (as  which  to  do  is  fhewed  before.  Self.  6,  ■' 

Chap.^.y  '  ^  . 

'  Then  with  your  Semicircle  exprefs  thofe  two  Altitudes  upon  the  faid  two 
hours  of  your  Dial,  and  you  fhall  have  two  Points  through  which  if  you  '■ 
draw  a  ftrait  Line,  it  fhall  be  the  Equinoftial  Line,  upon  which  you  are  to 
fix  the  Charafters  of  r  and 

2.  To  draw  any  of  the  Parallels  of  Declination, look  upon  your  Planifphere 
which  Parallel  anlwers  to  it,and  then  look  there  what  Altitudes  the  fame  Pa¬ 
rallel  hath  upon  every  hour  ( fer  Prop.  6.  Cap.'^.')  and  with  your  Semicircle  ex¬ 
prefs  thofe  Altitudes  upon  the  Plain,  each  Altitude  in  its  proper  hour ;  So 
fhall  you  have  Points^ftn  every  hour ,  through  which  the  fame  Parallel  is 
to  be  drawn;  If  they  be  every  10th.  you  muft  number  them  by  10, 

20,  &c,  abov^nd  below  the  Equator.  •  The  fame  is  to  be  done  for  the 
Parallels  ^of^lSe  beginnings  of  the  12  Signs,  upon  which  when  they  are 
drawn  you  muft  fet  the  Chara6lers  of  the  1 2  Signs  in  their  proper  places ; 

'  And 
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And  three  for  the  Parallels  of  the  length  of  the  day,  upon  which  you  are 
to  write  the  numbers  of  the  length  of  the  day,  nor  mall  I  need  to  make 
more  words  about  them. 

\  ^ 

II .  Of  the  Horizon  with  the  Parallels  thereof  called  Almicanthers, 
and  of  them  fuch  as  Jhew  the  three  Proportions  of  the  length 
of  the  Shadow  to  any  upright  Body  :  Of  the  Azimuths  or 
Vertical  Circles^  and  (among  them )  of  fuch  as  fernje  for  the 
Points  of  this  Gompafs. 

1.  The  Horizon  was  inferred  at  the  firft  beginning  of  the  Work,  and  is 
reprefented  by  the  Horizontal  Line  lying  wholly  in  the  fame  Level  with  the 
Apex  of  the  Gnomon. 

2.  The  Almicanthers  or  Parallel  of  the  Sun’s  Altitude  above  it  may  be  in- 
ferted  by  the  Semicircle  alone  without  the  Planifphere ;  For  if  upon  every 
hour  you  exprefs  by  your  Semicircle  one  and  the  fame  Altitude  9.  the 
10th,  deg.  of  Altitude)  and  through  thofe  Points  draw  an  Oblique  Line  as 
the  manner  is,  the  fame  Line  will  hand  for  the  ( loth,)  Almicanther  requi¬ 
red  ;  and  fo  of  the  reft. 

For  fuch  Almicanthers  as  fhew  any  common  proportion  between  the 
fhadow  and  the  upright  Body  ;  The  eafieft  way  will  be  to  have  marked  out 
upon  your  Semicircle,  fuch  Almicanthers  as  you  defire  to  put  in,  or  which  iS 
better  and  more  handfom  you  may  defcribe  in  each  of  the  two  Quadrants 
which  do  make  up  the  Semicircle,  two  Geometrical  Squares,the  Tides  where¬ 
of  may  be  divided  into  120  equal  parts,  and  numbred  astheiifual  manner  is, 
and  is  expreffed  in  the  Figure  of  the  Semicircle  ordinarily,  fo  fhall  you  have 
all  proportions  fitted  to  your  hand.  As  if  I  would  put  in  that  Almicanther 
which  fllcws  the  ftiadow  to  the  upright  Body  to  be  as  5  to  j.  that  is^  as  120 
is  to  72;  count  72.  from  the  Semidiameter  of  the  Semicircle  towards  the 
middle  Point  of  the  Square,  and  then  I  infert  thdt  Point  into  every  of  the 
hours  upon  the  fame,  and  accordingly  to  draw  a  curved  Line  through  them^ 
and  write  upon  it  f  or  fuperbipurtiem  tertias :  But  if  I  would  infert  the  con¬ 
trary  proportion,  as  of  ^  to  5,  then  I  count  upon  the  Square  the  former  num¬ 
ber  72  from  the  Diameter  of  the  Semicircle  towards  the  middle  Point  of  the 
Square,  and  then  I  infert  that  Point  as  before ,  and  write  upon  the  Almi¬ 
canther  ^  oi'  fuperiripartle/ts  quint  as.  Now  whenfoever  the  Apex  of  the 
Gnomon  comes  into  the  firft  of  thefe  Lines  (then  the  fhadow  ^  tI  upon  the 
Square  is  theCrepufculumLine  or  1 8th  Almicanter  which  will  fhew  theTwi- 
Light  upon  the  oppofite  Parallel)  then  you  may  conclude  that  the  fhadow  of 
an  upright  Body  or  Building  being  caft  upon  a  flat  level  plain,  is  in  propor¬ 
tion  to  the  upright  Body  as  5  to  3  ;  that  is,  if  you  divide  the  fhadow  into  5 
equal  parts,  three  of  the  fame  parts  will  give  you  the  Altitude  of  the  up¬ 
right  Body ;  So  in  the  fecond  Example,  if  you  divide  the  Shadow  into  3  equal 
parts,  five  of  the  fame  parts  will  give  the  length  of  the  upright  Body ;  And 
thus  the  fhadow  of  the  Sun  performs  theufes  of  the  Geometrical  Square. 

4<  If  you  would  put  the  Azimuths  into  your  Dial,lay  the  Ruler  upon  your 
Planifphere  to  that  Azimuth  which  you  mean  to  put  in,then  obferveany  two 
hours  (the  fui  therdiftant  the  better)  where  they  interfed  the  Ruler,  and 
count  the  Altitude  of  their  Interfedions  from  the  Horizon,  and  infert  them 
by  help  of  your  Semicircle  into  the  Dial,  each  Altitude  into  its  proper  hour ; 
fo  lliall  you  have  two  points  through  which  you  may  draw  your  Azimuth  5 

F  f  f  f  and 
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aad  fo  muft  you  do  with  the  reft  of  them,  and  number  them  from  the  South 
by  Tenths  or  Fifths,  according  as  you  put  in  every  Tenth  or  Fifth. 

The  fame  courfe  is  to  be  taken  for  the  Points  of  the  Compafs  which  are  alfo 
Azimuths,  and  each  1 1  %  deg.  of  the  Horizon  reprefents  them ,  for  there  are 
8  only  in  a  Quadrant,  now  8  is  contained  in  90  degrees  1 1  i  times,  fo  that  no 
more  needs  tp  be  faid  of  tjiefe ;  they  are  to  have  their  proper  names  fignified  by 
their  Lekers,as  the  firlf,  fccond,  and  third  from  the  South, Eaft ward, are  noted 
by  thefe  Letters  S  b  E :  S  S  E :  S  E  b  S :  &c.  and  fo  the  reft  as  moft  know. 


See  the  Figure 
of  the  Bori^oji’ 
td  Did. 


III.  Offuch  things  as  concern  the  moving  of  thelt^cliptick.  And  i.of 
the  putting  in  fuch  Lines  as- Jhew  what  Signs  are  at  any  time  Rifing 
or  Setting  (commonly  called  Signs  Afcending  or  Defcending.) 
a.  Such  Lines  as  will  Jhew  what  Signs  are  at  any  time  in  the 
Meridian,  commonly  called  Signs  Culminating. 


1.  Suppofingany  Sign  to  be  defcending  you  are  taught  by  your  Plani- 
fphere  (Prop.j,  Chap.^.)  to  know  what  degree  of  the  Ecliptick  is  in  any  Hour- 
circle  :  Choofe  you  then  2  Hour-circles  anfwering  to  fuch  as  are  upon  your 
Plain  of  a  competent  diftance,  and  enquire  what  degrees  of  the  Ecliptick  are 
in  them  at  the  fame  time,’and  find  out  their  Altitudes  by  the  fame  7th  Propo- 
fition,  then  by  your  Semicircle  infert  thofe  Altitudes  into  their  proper  hours 
upon  the  Plain,  and  from  the  two  points  inferred  draw  a  ftraitLine  (becaufe 
the  Ecliptick  is  a  great  Circle)  which  fhall  be  the  Line,  fliewing  when  fuch'a 
Sign  is  defcending,  and  the  oppofite  Sign  afcending ;  Wherefore  upon  that 
Line  you  muft  fet  (fuppofe  b  were  defcending)  '6  D,  and  the  oppofite  to  it  nr 
A.  Or  better.  The  Signs  afcending  may  be  charaderized  upon  your  Dial, 
at  the  Weft  end  of  the  Line  with  this  written  amongft  them  {Sigm  jfeenderf^ 
m~\  and  the  Signs  defcending  at  the  Eaft  end  of  the  Line  with  [Sigm  De- 
feendentW]  written  to  them. 

2.  The  very  fame  courfd  you  are  to  take  for  the  Signs  culminating,  if  you 
make  ufe  of  the  8th.  Propofition  of  the  former  Chapter,  fo  that  it  flhall  not  be 
needful  to  make  more  words  of  them  ;  and  they  muft- have  fet  upon  them  the 
Charafters  of  the  1 2  Signs  with  [Sig^a  Cidminantia]  written  amongft  them 
at  the  one  end  of  the  Lines,  and  the  oppofite  Chara6;ers  at  the  other  end  with 
\_Signa  in  Imo  C(eir\  written. 

Concerning  the  ufing  of  thefe  Lines  when  they  are  drawn,  confider  the 
Caution  on  the  oppofite  fides  inferred. 


IV.  Of  the  Hours  of  other  Countries. 

Horae ab  ortu;  Befides  the  liours  whicli  we  have  already  deferibed  which  only  are  in  ufe 
per  reciin.  &  ^s,  and  are  called  Aftronomical,  fome  Countries  number  their  hours 

dedin.  if  a  from  the  Horizon,  and  that  three  ways,  therefore  are  called  by  three  names 
'^nTed  ^ab  A  j  Hora  ah  Occafu ;  Hor^i  Planetaria  veljudaic.e^thc  two  firft 

gnomi, ad  hours,  as  tliofe  witli  US  are,  and  of  the  fame  length  really,  but 

dedin.  in  lin.  are  iiumbred  from  i  to  24.  that  is  from  one  Sun-rifing  to  the  next,  and  fo  from 
p°Q-^^°JfjJ.*i^one  Sun-fettingtothenext,  but  the  laft  are  numbred  from  Sun-rifing  to  Sun- 
iittangat  Al-  fet,  every  day  being  equally  divided  into  12  hours,  which  makes  the  hours  of 
niicant.  redi-  feveral  days  to  be  unequal  one  to  the  other, whence  they  are  alfo  call’d  Hora'in- 
nationis.  equates ^  How  to  put  thefe  into  Dials,  if  the  Parallels  of  the  length  of  days  be 

drav/n  before,  then  there  is  no  difficulty.  For, 
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1 .  The  hours  ah  Ortu^  begin  from  the  Eaft  part  of  the  Horizon ;  look  there¬ 
fore  upon  your  Dial  for  two  of  thofe  Parallels  on  which  the  day  makes  an 
even  number  of  hours,  as  for  Example  i6  and  8.  upon  the  firft  of  which  the 
Sun  rifeth  at  4  in  the  Morning, upon  the  latter  at  8  ;  Then  obferve  again  upon 
thefe  two  Parallels  the  Interfe8:ions  that  every  Hour-line  of  the  Dial  makes 
upon  them,  as  next  to  4  and  8.  through  which  the  Horizontal  Line  paffeth, 
you  fliall  fee  tlie  SeQ;ion  of  5  and  9  to  follow,  and  then  6,  and  10,  &c.  If  now 
through  the  Interfeftions  of  5  and  9  with  thofe  Parallels  you  draw  a  ftrait 
Line,  the  fame  fliall  be  i .  hour  ah  Orta ;  and  one  drawn  from  the  Interfeclions 
of  6.  and  i  o.  fhall  be  the  fecond  hour,  and  fo  of  all  the  reft.  But  if  the  fore- 
named  Parallels  be  not  drawn,  you  muft  prick  down  where  they  ftiould  be 
drawn,  as  was  before  fhewed  in  this  Chapter,  and  fo  make  ufe  of  thofe  Points 

-  for  the  fame  purpofe,  which  is  all  one  with  the  former. 

2.  The  hours  ah  Occafu^  are  in  like  fort  to  be  dealt  withal ;  for  if  you 
make  ufe  of  the  fame  Parallels  before  mentioned, as  16.  and  8.  where  the  Sun 
fets  upon  the  Weft  end  of  the  Horizontal  Lineoij  the  Dial,  iff  the  firft  at  8.  in 
the  latter  at  4  Clock,  which  fetting  is  to  be  accounted  the  24  hours,  then  it  is 
evident  that  in  the  fame  Parallels  7  a  Clock  and  3  are  the  2^  hour,  6  and  2. 
are  the  2  2  hour,  5  and  i .  are  the  2 1  hour  ,and  fo  of  the  reft ;  wherefore  if  from 
thefe  mentioned  pairs  of  hours  where  they  interfe6l  the  Parallels,  you  draw 
ftrait  Lines  (upon  Plains  not  elfe)  they  fhall  be  the  2^.22.21  horns  ah  oc^ 
cafu  hefterm^  and  the  W eft  end  of  the  Horizontal  Line  is  the  24  hour  ah  occafu, 

5.  The  Planetary  hours  are  to  be  dealt  withal  in  this  manner,  upon  your 
Planifphere,  choofe  fuchParallcls  of  the  days  length  as  are  eafieft  to  be  divided 
into  1 2  parts,  fuch  as  are  1 5  and  9,  in  the  firft  of  which  li  of  an  hour  makes 
li  part  of  a  Planetary  hour  of  the  day,  2%  hours  makes  two  Planetary  hours, 

hours  makes  3  Planetary  hours,  &c.  In  the  latter  %  of  an  hour  makes  one 
Planetary  hourit  or  it  hour  makes  2  Planetary  hours,  f  or  2 1  hours  makes  5 
Planetary  hours,  and  fo  forward.  If  then  the  faid  Parallels  of  1 5  and  9.  be 
drawn  upon  the  Dial,  you  may  prick  on  them  the  places  where  the  Planetary 
hours  fliould  pafs,  but  if  thofe.Parallels  be  not  drawn  you  muft  then  take  the 
Altitudes  of  thefe  Se6:ions,  or  imagine  points  upon  your  Planifphere,  and  ex- 
prefs  them  upon  the  anfwerable  hours  and  parts  of  hours  upon  your  Dial- 
plain,  you  fhall  then  find  2  points  for  each  Line  of  thofe  Planetary  hours  to  be 
drawn,  and  accordingly  draw  them,  which  if  they  fall  out  juft,  fhould  pafs 
through  the  hours  upon  the  Equinoftial  Line  *,  but  this  is  not  altogether  to  be 
expe6Ied,  becaufe  the  Planetary  hours  are  not  really  great  Circles  upon  the 
Sphere,  and  fo  not  abfolute  ftrait  Lines  upon  the  Dial,  though  near  enough 
to  give  an  eftimate  of  fuch  a  Divifion  of  the  day,  you  may  therefore  for  more 
accuratenefs  draw  them  a  little  bending,  that  fo  they  may  pafs  through  the 
hours  of  the  Equinoftial.  The  12a  Clock  is  always  6,  the  reft  numbred  ac¬ 
cordingly. 

V.  Of  the  SixHoufes  abouetheHorizon^andhowtoprotraSthem  dljo. 

From  the  Point  where  1 2  cuts  the  Horizontal  Line  to  the  hours  of  8.10. 1 2. 

2. 4.  in  the  Equinodial  Circle  draw  right  lines,  and  they  are  the  6  Houfes  a- 
bove  the  Horizon,  thofe  below  arc  not  to  be  fhewed  by  the  Sun,  who  is  then 
below  too :  The  Weft  end  of  the  Horizon  is  the  beginning  of  the  Seventh 
Houfe,  the  next  Line  begins  the  Eighth  Houfe,  the  next  the  Ninth  Houfe, 
the  Meridian  the  Tenth  Houfe,  and  fo  forward,  according  to  which  rate 
they  are  to  be  numbered* 
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VI.  the  Horizon  of  any  City  or  place^  whofe  Longitude  and  La¬ 
titude  is  known ^  and  how  to  infert  it  into  a  Sun-DiaL 

The  fpeediefl  way  that  I  can  pitch  upon, is  this.  After  you  know  what  kind 
of  Longitude  (whether  Eaft  or  Weft)  and  what  kind  of  Latitude  (whether 
North  or  South)  the  Horizon  or  Place  hath,  and  confequently  having  con- 
fidered  whether  the  Eaft  or  weft  part  of  the  Horizon  be  to  be  inferted, 
or  both  Eaft  or  Weft  (for  all  thefe  cafes  may  fall  out.)  Having  I  fay  con- 
fidered  of  all  thefe  things  fully  before  hand,  you  may  refpeHively  order  your 
Work,  as  for  an  EafterlyPlace  whofe  Latitude  is  Northern,this  Examplewill 
fliew.  Suppofe  I  would  put  the  Horizon  of  Confiantimple  into  a  Dial. 
Eirft,  I  know  Conjimtino^le  to  have  a  North  Latitude  of  43  deg.  and  that  it 
differs  from  th^.  Longitude  of  London  2  hours  16  min.  and  that  towards  the 
Eaft  :  Now  becaufe  it  lies  Eaft  ward  from  us,  therefore  the  Sun  rifeth  in  the 
EquinoHial,  and  fetteth  there  alfo  before  it  doth  with  us ;  and  this  rifing  in 
the  Equinoctial  before  us,  is  fo  much  in  time  as  the  difference  of  Longitude 
comes  to,  viz.  2  hours  16  min.  If  therefore  you  deferibe  the  Equinoctial  Cir¬ 
cle  upon  your  Dial  (both  above  and  below  your  Horizontal  Line)  and  then 
either  on' the  Eaft  part  of  it  count  the  difference  of  Longitude  from  the  hour 
of  6  always,  and(in  theExample  here  given)abovc  theHorizontal  Line  on  the 
Eaft  part  (becaufe  the  Sun  rifeth  with  them  before  us)  or  again,  you  may  be¬ 
low  the  Horizontal  Line  on  the  Weft  part  (nothing  is  to  be  above  the  Hori¬ 
zontal  Line  in  any  part)  count  upon  the  EquinoCfial  the  fame  difference  of 
Longitude  from  6  a  Clock,  thus  is  16  min.  before  4  a  Clock  on  either  part,  or 
3  a  Clock  and  44  rnin.  fo  Iball  one  of  thefe  two  points  (that  which  ismoft  con¬ 
venient)  and  the  Gnomon  give  you  two  points,whereby  to  projed  the  Hori¬ 
zon  of  Confiantinophy  and  that  mnft  be  extended  fo  far  as  the  projection  of 
the  2  Tropicks  and  Horizontal  Line  do  go,  that  fo  it  may  ferve  for  all  times 
of  the  Year  which  are  polfible.  If  in  this  Example  on  the  Eaft  part  the 
ProjeHion  fall  quite  out  of  thofe  forenamed  limits,  it  muft  there  be  quite  ^ 
negleCled,  and  only  put  on  upon  the  Weft  part  of  the  Dial. 

How  to  find  a  Third  point.  It  may  be  done  many  ways  upon  your  own 
Meridian  thus :  As  the  Radius  is  to  the  Co-fine  of  the  difterence  of  Longi- ' 
tude ;  So  the  Tangent  of  the  Latitude  of  Confiantinop/e^is  to  the  Co-tangent  of 
the  Arch  of  our  Meridian  intercepted  between  theNorthPole(in  this  Exam¬ 
ple)  and  the  North  part  of  the  Horizon  of  Confiantinople^  or  from  the  South 
Pole,  or  South  part  of  that  Horizon.  If  therefore  you  ft  retch  a  Thread  into 
the  Air  that  may  lieonthePlanities  of  your  Meridian,  you  may  by  your  Se¬ 
micircle  infert  this  point ;  But  firft  you  muft  confider  how  far  it  is  from  this 
point  to  your  Zenith:  If  therefore  (in  this  Example)  it  be  the  point  of  the 
North  part  of  your  Meridian,  add  the  Complement  of  your  Latitude  to  the 
intercepted  Arch  before  found ;  if  it  be  the  South  point  of  your  Meridian,  or 
of  the  Horizon  ofConJiantinop/e.^  then  fubduCt  the  Complement  of  your  Lati¬ 
tude  out  of  the  forenamed  Arch,fo  ftiallyou  get  the  diftance  of  this  point  of 
your  Meridian  from  your  Zenith,  the  Complement  or  excels  whereof  is,  the  j 

Altitude  or  Depreftion  from  your  Horizon.  Afterwards  by  your  Semicircle  I 
you  may  put  it  into  the'  Meridian  Line  or  extended  Thread, by  counting  the  . 

Complement  of  that  fame  diftance,  or  the  Altitude  upon  the  degrees  of 
your  Semicircle. 
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Now  then  by  the  point  before  found  in  the  Equino8:ial,and  by  this  point 
thus  found  in  the  Meridian,  and  by  .the  point  of  theGnomon ;  I  fay  by  thefe 
3  points  nlay  the  Horizon  of  Confiantindfle  be  inferted ;  and  fo  the  Horizon 
of  any  other  Place. 

a.  Another  I  rvaj  to  find  two  Points  for  the  fame  purpofe^  upon 

two  Hour'Lines,  ,  . 

-  Take  any  hour  (as  9  a  Clock  in  the  Morning)  count  the  diftance  of  it  from 
6  hours  or  45  degrees)  and  becaufe  the  hour  is  Weft  of  6  a  Clock  in  the 
Morning,  but  the  place  Eaft,  add  the  3  hours  to  the  difference  of  Longitude^  ‘ 
which  is  2  hours  16  min.  the  Sum  is  5  hours  16  min. 

In  general  get  the  difference  of  Longitude  between  the  Section  of  your  pla¬ 
ces  Horizon  ('which  Seftion  will  either  be  Eaft  or  Weft)  with  the  Equi¬ 
noctial,  and  the  hours,  that  is,  get  the  Arch  of  the  Equator  contained  be¬ 
tween  them. 

Then  fay,  as  the  Radius  is  to  the  Co-tangent  of  the  Latitude  (45  deg*)  of 
the  Horizon  (diConfiantino^le)  fo  is  the  Sine  of (79  deg.) that  Arch  of  the  E- 
quator  to  the  Tangent  of  an  Arch  ('46  deg,  38  min.)  of  the  Hour-circle  of  9 
contained  between  the  Equator  and  the  fame  Horizon :  And  becaufe  the  La¬ 
titude  of  Confiantinofle  is  North,  therefore  the  Arch  falls  upon  the  South  fide 
ofthe'Equator  :  So  that  if  fuch  a  point,  or  degree  were  inferted  upon  that 
Hour-cir,cle  of  9,  then  was  one  point  found.  Now  to  infert  it  we  muft  know 
what  Altitude  or  Deprefiion  that  point  bears  from  our  Horizon,  which  to 
find  by  calculation,we  have  firft  the  Complement  of  ourLatitude,  which  Com¬ 
plement  is  3  8  deg.  50  min.  Secondly,  The  diftance  of  that  point  of  the  Circle 
of  9  from  the  North  Pole,  that  is  90  deg. and  46  deg.  28  min.  or  136  deg.  28 
min.  And  Thirdly,  The  Angle  of  the  hour  of  9  from  the  Meridian,  which 
is  45  deg.  that  is  to  fay  2  Tides,  and  the  Angle  comprehended  by  them  ;  fo  that  ' 
the  Bafe,  or  third  fide  ('whole  Complement  is  here  required)  may  be  found. 

Having  then  found  this  A  Ititude  orDepreflion  { which  in  the  prefent  Example) 
is  1 5  deg.  20  min.  it  may  be  inferted  into  the  hour  of  9  by  the  Semicircle^ 

And  in  the  fame  manner  may  another  point  be  inferted  into  another  houis 
Thefe  two  points  then  with  the  point  of  the  Gnomon  ( 3  in  all)  will  ferve  to 
projeTl  the  Horizon  required. 

Upon  the  hour  of  6  a  point*  may  be  found  more  eafily,  and  the  Altitude  or ' 
Depreftion  of  it :  Firft,  for  the  point  in  the  Hour-circle  of  6 :  hs  Kadimh  to 
the  Co-tangent  of  the  Latitude  of  Confiaminople ;  So  is  the  Sine  of  the  diffe¬ 
rence  of  Longitude  to  the  Tangent  of  3  o  deg.  5  7  min.,  an  Arch  of  the  hour  of 
6  comprehended  between  the  two  Horizons,  ours  and  theirs.  This  Arch  ('in  Tefeffm  it 
this  Example)  muft  be  added  to  90  deg..  So  tlie  Sum  gives  the  difference 
that  SeTIion  upon  6  from  the  North  Pole :  But  then  as  the  Radius  is  to  the  ^^deg. 

Sine  of  our  Latitude  ;  So  is  the  Sine  of  that  (30  deg.  57  min.)  Arch  of  6  34 

'  Clock  to  the  Sine  of  the  ( 27  deg.  59  min.)  Depreftion  of  the  Section  of  Co^-  oT.^mbTa^ 
fiantmopleU.onzon  wit  h  our  6  a  Clock  Line-depreftion  I  fay,  becaufe  the  point  8?  00  . 

of  Interfedion  is  below  the  Horizon  of  London. 

.  •  rt  •  deg,^otnifi. 

5 .  Another  way  to  put  in  ftich  an  Horizon. 

Firft:,  get  the  Declination  (83  deg.  00  min.  South  Eaft)  of  it,  and  the  Re- 
clination  (65  deg.  40  min.  North)  or  Inclination,  with  the  Coaft  where- 
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to  it  declineth.  This  Work  may  'be  performed  by  a  Spherical  Trianc^Iemade 
by  the  Poles  of  the  Equator  and  of  the  two  Horizons  of  London  ^nd^ConJian- 
tinople.  Then  having  found  thefe  things  ;  you  may  infert  them  thus.  Firft 
from  the  Eaft  point  of  your  Horizon,  count  the  Declination  to  the  true  Coafl:^ 
and  infert  it  into  the  Horizontal  Line,  for  that  fliall  be  one  point  where  Con- 
ftantinople  Horizon  is  to  pafs.  Then  again  from  the  Meridian  point  infert 
into  the  Horizon  (to  the  true  Coafl)  the  fame  Declination ;  fo  that  this  point 
of  the  Declination  from  the  former  may  be  diftant  90  deg.  To  thislaft  point 
having  relanon  alfo  to  the  point  of  the  Gnomon,  ftretch  a  Thread  in  the  Air 
or  draw  a  Line,  that  may  lie  in  and  reprefent  the  Azimuth  paffing  through 
thofetwo  points(which  a  perpendicularThread  repofed  upon  thofe  two  points 
will  direA  you)  then  by  your  Semicircle  proje(ft  into  this  Azimuth  Line  or 
Thread  the  Reclination  from  the  Zenith  of  your  place,  either  above  or  below 
your  Horizon,  as  you  fliall  difcern  the  Pofition  of  it  to  require.  So  then  by 
this  means  you  have  another  point  where  through  the  fame  Horizon  muft 
pafs.  Thefe  two  therefore^with  the  point  of  the  Gnomon  will  ferve  to  pro- 
jeH:  the  fame  Horizon  upon  all  Superficies  that  fliall  be  found  to  fiand  in  the 
way. 

Another  way  for  the  fame. 

When  the  Parallels  and  points  are  drawn  firfi:  upon  the  Dial,with  the  hours 
you  may  put  in  any  Horizon  without  great  trouble,  thus.  The  Weft  part  of 
•  Confiantinople  Horizon; The  difference^of  Longitude  is  ^4 degrees,  therefore 
the  Sun  in  the  Equinoctial  fets  2  hours  16  minutes  with  them  before  it  fets 
with  us.  The  Weft  point  therefore  of  that  Horizon  is  upon  the  Equator  at 
I  hours  44  min.  this  is  one  point.  Then  find  another  point  upon  fome  other 
Parallels  as  s  evvy^  let  it  beiy  ,  on  the  fhorteft  day  at  Conftantinople  the  Sun 
fetterh  at  4  hours  24  min.  that  is  the  day  is  then  i  hour  ^6  min.  fhorter  than  in 
the  Equino£lial,  and  fetteth  i  hour  ^6  min.  fooner :  Therefore  from  the  Hori¬ 
zontal  point  noted  before  upon  the  EquinoHial  count  i  hour  36  min.  fooner 
(that  is  towards  our  12a  Clock)  and  find  that  hour  or  point  of  time  in  the 
Parallel  of  and  there  you  fhall  have  a  fecond  point  of  the  Horizon :  Thefe 

with  the  Gnomon  make  the  three  requifite  points  to  draw  or  projefl  the  HorL 
zon :  And  this  is  the  eafieft  way ;  but  more  ways  might  be  found  to  perform 
the  fame  thing,  yet  thefe  may  very  well  fuffice. 


CHAP,  VI. 

1.  The  Vfe  of  all  the  Lines  of  the  Furniture, 

The  Point  of  the  Gnomons  Shadow  fheweth  (among  the  Equator  zud 
Parallels  thereto.)  I. TheSun’sParallel  of  Declination.2.Parallel  of  the 
•  length.  j.TheSign  wherein  theSun  is — Amongft  the  Almicam- 

ters  It  fheweth ;  4.  How  high  the  Sun  is  above  the  Horizon.  5.  What  Pro- 
portion  the  shadow  of  any  upright  thing,  call  upon  an  Horizontal  Flat,  bcar- 
eth  to  the  upright  Body - Amongft  the  Azimuths  it  fheweth.  6.  What  Azi¬ 
muth  the  Sun  is  in.  7.  What  Point  of  the  Compafs  the  Sun  is  on - A- 

mongft  the  piojefted  Eclipticks  it  fhews.  8.  W^hat  Sign  is  afeending  above 

the  Horizon,  or  defeending.  9.  What  Sign  is  Culminating - Among  the 

hours  of  other  Countries  Account,  it  fhews  10.  The  hours  of  ©  Kifing. 

II.  Or 


f 
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1 1.  Or  from  and  to’  ©  fetting.  12.  It  (Lews  alfo  the  Planetary  hours,  i^. 
What  houfe  the  ©  is  in.  14.  And  principaUy  the  hour  of  the  Day.  And 
what  elfe  may  be  deduced  out  of  tHefe. 

11.  Of  the  Commodities  of  the fe  ProjeSive  ]Vays. 

Lefs  cofl:  bellowed ;  No  Inquifition  after  the  fite  of  the  Superficies  in  re- 
fpeO:  of  Declination  or  Inclination ;  Not  material  %vhether  it  be  upon  one,  or 
more  Superficies  together ;  Nor  whether  the  Defcription  be  drawn  upon  a 
plain  Superficies,  or  curved  one,  or  more  ;  Not  material  bow  thofe  more 
Superficies  do  Hand ,  whether  contiguous,  or  remote,  one  to  another ; 
The  tedioufnefs  of  an  Jxis  both  making  and  fetting  avoided ;  The  Iniertion 
of  the  Furniture  infinitely  bettered  and  eafed ;  No  trouble  in  the  obfervati- 
on  of  Cafes  comparable  to  the  other ; — The  greateft  trouble  is  the  finding 
out  the  Sun's  Jzimuth,  which  yet  may  be  avoided,ifan  Obfen^ation  be  made 
juft  in  the  Meridian. 

No  trouble  by  reafon  of  inconveniences  that  fall  out,  when  the  Stile  hath 
but  fmall  Elevation,  and  the  Dial  without  a  Center,  the  other  ways  are  very 
troublefome.  —  The  \vay  that  all  men  hitherto  went,  wasfirft  to  make 
the  Dial,  then  to  fet  the  G?wmon  ;  But  this  is  quite  contrary  and  much  better 
becaufe  the  trouble  of  fetting  the  Gnomon^  is  much  harder  than  fitting  the 
hours  to  it:  For  here  xhtGnoTnon  is  firft  fet,  and  then  the  hours  fitted  to  it; 
Cafes  in  Declination,  and  Reclination  avoided ;  In  great  Recliners  itis  hard 
by  other  ways  to  pitch  the  Work  true,  for  a  fmall  error,  in  the  Horizontal 
Line,  may  caufe  a  degree  or  two  in  the  Vertical,  upon  which  all  depends; 
The  very  plaining  of  the  Superficies  fif  no  thing  elfe  were  to  be  done^  is 
more  troublefome,  tlian  all  this  work  of  finifhing  the  Dial, 


POSTSCRIPT. 

IT  was  my  intent, in  this  Place, to  have  inferted  a  Figure  in  Perfpe^'e,  re- 
prefenting  the  infide  of  a  Room,  with  feveral  Hour-lm^s.,  Troficks^Azi^ 
muths^AlmicsnterSy  and  other  Lines  of  the  Furniture  oiSuTt-diils  drawn  upon 
the  Walls  J^^indoTv-boards  diudjambs^  and  other  various  Plains  which  the  infides 
of  almoft  all  Rooms  are  incumbered  with,  and  therein  feveral  Cupits  or  fmall 
Figures  reprefenting  the  Aefings  of  thofe  things,  namelly,  the  extending  and 
projefting of hanging  of  Perpendicular  Threads other  performances 
in  thisT raliate  required  to  be  done  and  there  only  verbally  direfted ;  but  being 
fmy  felO  no  Defigner  or  DraughtVman,  I  could  not  meet  with  any  perfba 
that  with  convenience  fto  my  fatisfaefionj  could  hit  my  intention  in  that 
kind ;  but  that  was  my  intent  to  have  done  both  in  this  of  Projective  and  the 
next  Tractate  of  Reflective  Dialling :  but  being  thus  difappeinted  of  my  in¬ 
tentions  in  this  kind,  I  fhall  give  you  a  ihort  account  of  fome  Dials,  made 
after  thefe  Projeltive  ways. 

Firft,  If  in  the  Glafs- window’’  of  any  Room,  one  Pain  or  Quarry'  of  GlaR  be 
darkned,  and  a  hole  about  a  quarter  of  an  inch  Diameter  about  the  middle 
thereof,  the  Sun  fhining  upoathe  Window  will,  thro’  that  hole,  caft  a  bright 
Spot  of  Light  into  the  Room,  w'hich  as  the  Sun  in  his  motion  pafteth  by  the 
Window,  the  Spot  of  Light  will  be  alfo  removed  from  place  to  place,  fome- 
times  upon  the  W indo w-boards,fometimes  upon  the  Jaumbs/ometiraes  upon 
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the  Sides,_and  fometimes  upon  the  Floor  of  the  Room.—l{ fuch  a  Hole  Ihould 
be  luppoied  to  be  the  Gnodtn  or  Point  of  the  top  of  the  Perpendicular  Stile  of 
any  Dial, I  fay  from  it  theHour-lines  ofa  Sun-dial  or  offeveral  Dials(for  every 
'  fide  or  part  of  the  Room  is  a  different  Plain)may  be  madeabout  the  Room  If 

1 .  Horizontally  you  apply  an  Horizontal  Dial  to  the  Hole  in  the  Glafs-vvin-’ 
do\v,and  extend  a  thirdHorizontafiy  alfo  from  that  Hole  over  everyilour-line 
(or  halfand  quarter  Hour-linejtill  it  touch  the  Sides, Doors, Windows  Jambs 

■  orodierObjeftsorImpediments(ftandingin  the  way  jaboiit  the  Room’;  Then’ 

2.  The  T welve  a-dock  Hour-line  being  bothan  Hour-line  and  an  Jzimuth 

airo,you  may  (by  aPcrpendicular  Thread  or  Thrcads,;transfer  the  fame  to  the 
Ciehng  or  Floor  of  your  Room,  or  to  which  of  them  will  heft  ferve  your 
Turn,  and  fometime  there  may  be  occafioh  for  both :  Then  ^ 

In  this  Meridian  Line  find  another  Poiht,from  which,a’Line  or  Thread 

extended  to  the  Hole  in  the  Window  may  reprefen|:  either  the  Direft  (or  Re 

verted)  Axis  of  the  World,  and  unto  that  Point  or  Points  all  the  Hour-lines 

which  you  draw  in  that  Room  will  have  rePpeft  unto  (or  be  in  the  fame  Plain 
with)this  :  And  therefore,  lameriain 

4.  If  you  fix  a  Thread  in  one  or  both  of  thefe  Points  (or  Poles  rather)  and 
extend  that  String  by  the  Side  of  another  String  extending  from  the  Hole  over 
any  Hour-line  or  Point  found  on  the  fide  of  the  Room  as  before,  that  move- 
able  String  being  gently  moved  by  the  Side  of  the  Horizontal  String  fhall 
trace  out  (upon  all  ObjeHs  that  it  meets  withal)  the  Hour-line  wh&h  the, 
extended  Horizontal  String  doth  reprefent. 

Secondly,  If  a  Spot,  or  the  Sign  ot  the  Sun  (or  what  ever  elfe  you  fancy)  be 
made  or  painted  upon  any  Pain  of  Glafs  in  a  Window ;  And  on  the  outfide  of 
the  Window  fomeHorizontal  Border  (Semicircular,  or  of  any  other  form)  be 
made  of  Wood  or  Wire ;  and  a  Meridian  Line  found  which  fhall  pafs  thro’ 
that  Hole,  another  Point  of  the  Axis  may  be  found,  in  which  Lines  extend¬ 
ed  by  the  Horizontal  Lines  extended  from  the  Hole  to  the  Horizontal  Points 
in  the  Border,  thofe  Hour-lines  may  be  projeSed  to  the  Monionsofthe  Win¬ 
dows,  and  there  faftned,as  alfo  to  the  Horizontal  Border,  and  thefe  fhall  be 
true  Hour-lines,  whofe  Names  or  Numbers  being  fet  in  a  Border  of  Paper 
pafted  (or  painted)  about  the  Pain  of  the  Glals-window,  where  the  Spot  is  * 
Then  the  Strings  without  (which  are  the  Hour-lines)  when  the  Sun  fhineth' 
with  all  of  them,  call:  their  Shadow  upon  the  Pain  of  Glafs,  and  the  Shadow’ 
of  that  which  toucheth  (or  isneareft  to)  the  Spot  made  or  painted  in  the  Win- 
dow  gives  the  hour  of  the  day. 

Infinite  are  the  Varieties  of  this  kind,  of  which  you  fhall  have  hints  of 
many  at  the  end  of  this  Book,  in  the  Delcription  of  the  Pyramidical  Body  of 
Dials :  And  fo  I  fhall  conclude  this  TraHate^  giving  you  here  only  the  Figure 
of  an  Horizontal  Dial  for  the  Latitude  of  London ^  with  its  Furniture.  ^ 


The  End  of  the  tenth  TRACTATE. 
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OR,  OF 

DIALS  by  REFLECTION. 

SHEWING, 

How  to  Refleft  t4?^Sun  Beams,  and  to  Defcribe  Hour-Lines^ 
and  other  Furniture  iov  Dials ^  Upon  fuchP/^zmi- upon  which 
the  Direft  Beams  of  the  Sun  can  never  (hine;  and  that  fe- 
veral  ways,  the  Glafs  cafting  the  Reflexion,  being  placed 
either  Parallel  to  the  Hor/zo/2,  or  Oblique  unto  it:  And 
without  any  regard  had  to  the  Situation  of  the  Objeft  up¬ 
on  which  the  Refiedion  is  made,  i.  e,  whether  it  be  Plain 
or  Curved,  one  or  more,  contiguous  or  feparate, 


TheEleventh  TRACT  ATE. 


CHAR  I 

Notes  and  Obfervations  preceding  Reflefted  Dials* 

/ 

These  GlafTes,  for  their  Fafhion,  are  beft  to  be  Flat  and 
Round  ( though  that  be  not  necefTary  )  and  the  quantity  of 
it  fuch  as  will  refleH  the  Sun  Beams,  when  they  are  at  a  fmall 
Elevation,  which  therefore  cannot  be  fo  eafily  determined,  be- 
caufe  Glaffes  are  of  feveral  thickneffes ;  and  the  thicker  it  is,  the  broader  it 
will  be  required  to  be ;  the  thinner  the  narrower ;  and  refleHing 'the  more 
ftngly  and  truly.  The  Banding  of  the  Glafs  may  be  either  Flatly  Ho«^ 
rizontally  ,  or  otherwife  Reclining  or  Inclining, '  according  as  the  place 
where  it  is  pitched  will  require  it  fhould  refleft,  upwards,  downwards,  or 
fideways  or  as  the  skilful  Artift  fhall  think  fit,  to  give  evidence  of  his 
knowledge  and  Dexterity  in  this  kind.  The  Superficies  may  be  any  thing 
that  is  capable  of  receiving  Light  and  Shadow  ;  it  needs  not  be  a  Plain^ 
as  is  required  in  other  Authors,  neither  needs  it  be  one  Single  Superfici¬ 
es,  but  it  may  be  turned  or  diftorted  any  way ;  it  may  be  a  multitude  of 
mixt  Superficies,  of  any  faihion  or  number  whatfoever.  To  make  the 

Hhhl^  "  ^  Pro: 
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Projeftion,  it  is  required  that  there  be  room  convenient;  and  becaufe  thefe 
are  made  for  the  moft  part  in  Windows,  where  the  refleftion  of  Lisht 
may  be  beft  made  in  the  fliady,  places  of  the  inner  parts  of  the  Rooms-  it 
will  be  required  that  liberty  be  allowed  to  work  without  the  Window  a’lfo 
It  is  not  abfolutely  neceflary  that  the  Glafs  fhould  be  flat,  it  may  be  of  ano¬ 
ther  Form,  if  you  defire  to  have  it  fo,  but  then  your  Hours  cannot  be  fo  ea' 
fily  projeaed,  becaufe  they  will  not  be  fcrait  but  crooked  Lines  upon  a 
plain  Superficies,  and  the  trouble  augmented  to  find  fo  many  fweral 
points,  as  will  be  requifite  to  the  drawing  of  fuch  bendinc  Lines  Rm, 
becaufe  moft  Glafles  are  flat,  and  it  will  be  harder  to  procure  one  that 
is  not  fo,  than  one  that  is  ;  and  becaufe  alfo,  any  that  is  innenlrvnc 
this  way,  will  of  himfelf  ( though  fome  things  are  here  alfo  deLered 
which  will  be  Diredions  enough)  be  able  to  find  out  the  manner  o?’ 
■projeaing  from  an  irregular  Glafs,  after  he  is  poflefted  with  this  that  ic 
here  in  the  firft  place  delivered ;  I  will  only  fb^  how  to  do  it  to  a 
flat  Glafs,  in  what  Situation  foever  it  ftands,  -feSRufe  by  it  any  of  the 
other  Forms  will  be  underftood.  If  any  will  refleft  upon  Wat4  and  o 
ther  Liquors,  it  is  apparent  that  they  will  ever  lie  Horizontal  •  and  fo 
the  way  to  do  that  will  be  the  fame  with  the  Horizontal  Glafs’  which 
comes  after  in  its  due  place.  ^ 


CHAP.  II. 

Of  Reflefted  Dialls. 

toa'areST?  Efleaion  is  beft  made  by  a  piece  of  Looking-glafs ,  which  is  fo 
varieties  of  Si- the  better,  by  how  much  it  is  thinner;  for  the  thicknefs 
r»orXin.^an  ,  a  double  ray  of  Light  to  be  refleaed,  and  re'quireth  a  greater 

LSSiy  e'evation  of  the  Sun  Beams  than  a  thin  one  doth :  it  muft  be  about  Seven 
flat  without  a*  the  thicknels  in  breadth  ;  and  becaufe  Glafs  reflects  from  the  upper 
nv  Inclination  and  neather  Superficies,  and  fo  makes  two  fpots,  colour  the  lower  Superfi- 
^  •  cies  therefore  with  Oyl  Colour,  or  (which  is  better)  rub  or  grind  it  on  a 
rough  Brick,  Tyle,  or  Grind-ftone,  and  it  will  make  but  one  Tpot  Now  a 
Glafs  may  be  placed  either  Horizontally  or  Obliquely  ;  and  the  inner  Rooms 
of  Houfes  (tor  which  this  way  is  moft  accomodate)  may  fall  out  to  be  either 
flat  or  turned,  both  on  the  Cieling  and  Walls.  In  all  thefe  Varieties  it  will 
be  efteemed  none  of  the  eafieft  worjts  to  protraft  true  Hours ;  and  what  o- 
thers  have  written  in  this  kind,  is  only  for  to  draw  Hour-Lines  to  a  Glafs 
placed  truly  Horizontally,  refleaing  upon  a  fiat  Cieling,  which  is  likc- 
wife  /»  ^uthbrto  with  the  Horizon ;  which  very  particular  I  will  here 
•  alfo  ftew  how  to  perform  in  a  much  more  eafie  way  than  hath  yet  been 
prattifed,  after  I  have  firft  delivered  in  general  (amonsft  many')  Three 
leveral  Ways.  . 


CHAP. 
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CHAP.  iir. 

^  » 

t  . 

How  to  projeSi  Hours  from  a  Glafs,  however  it  Jlanas  upon  any 
Superficies  whatfoever^  or  how  manifold  foever  it  be, 

SECT.  I.  The  Firfi  General  Way, 

# 

I 

YOU  muft  ftretch  an  Horizontal  Thread,  between  the  Glafs  and  the  pirft  Gene- 
Sun,  at  any  reafonable  difiance  from  the  Glafs,  and  in  aquilibrio 
with  it ;  upon  this  Glafs  and  upon  the  Horizontal  Thread  (by  help  of  a  ^ 
proper  Threads  projeQ;  the  Sun  or  fbadow  of  the  Thread,  jufi  as  was 
before  taught  in.  making  a  Dial  with  an  Axis  ;  and  according  tO/thofe 
Precepts  ffuppofing  the  Glafs  to  be  as  the  point  there  afligned)  make  up 
here  (in  the  fame  manner  as  is  there  taught)  the  firfi  of  thefe  Precepts, 
fo  fhall  you  find  the  Pole  of  the  World,  as  at  the  end  of  the  Eighth* 

Precept  is  declared.  Thefe  things  being  thus  prepared,  you  are  to  begin 
with  your  Refle£lions  in  this  order  and  manner.  ‘ 

I.  Refle6l  the  true  Pole  of  th^World,  before  found,  upon  fome  Obje£f,This  may  be 
which  is  done  by  looking  into  the  Glafs ,  till  you  fee  the  fore-named 
true  Pole.  And  to  the  end  you  may  the  fooner  difcover  it ,  you  may  ^ 
find  this  or  the  like  helps :  Stretch  a  Thre:’d,  or  draw  your  Finger  from 
the  Glafs  to  the  true  Pole ;  which  Thread  or  drawing  of  your  Finger  (if 
you  follow  the  fhadow  all  along  as  it  appears  in  the  Glafs  )  will  bring 
you  to  the  fight  of  the  true  Pole  ;  and  this  fame  courfe  muft  be  ufed  in 
all  other  Reflexions,  which  may  ferve  as  a  general  Admonition  once 
for  all,  in  all  the  reft  of  the  work.  And  when  you  have  difcovered  it 
in  the  Glafs,  place  fome  mark  then  at  your  Eye  (fuppofe  fome  Wire 
or  Thread  fixed  at  one  end,  the  other  end  at  liberty  in  your  Hand,  the 
Thread  having  a  flipping  Knot  ujpon  it.  This  Thread  and  moveable  Knot 
may  be  removed  to  any  pofture,  and  ferves  as  a  Mark  or  Point ;  fo  that 
looking  or  laying  the  fame  Point  upon  the  GlaTs  ,  with  your  Eye  you 
may  alfo  juftly  &  the  true  Pole  or  Mark  of  it  iri  the  Glafs)  then  may 
you  extend  a  Thread  from  the  Glafs  to  this  Point  or  Knot,  up  to  the 
top  of  the  Houfe  (or  to  the*  Walls  or  Floors  according  as  things  are  pla¬ 
ced)  and  fo  make  a  point  there,  which  may  be  called  the  RefleXed  Pole. 

(Or  the  former  Point,  if  it  ftand  firm,  may  as.  well  ferve  to  fupply  the  ufb 
of  the  RefleXed  Pole.)  To  this  RefleXed  Pole* fix  a  Thread,  which  will 
perform  all  the  ProjeXion  that  hereafter  followeth.  This  Thread,  for  di- 
fiinXion,  may  be  called  the  RefleXing  Thread. 

» 

If  you  will  take  pains  to  ftretch  Threads  to  every  Hours  Point,  and  to 
projeX  the  Parallels  thereinto  by  the  Semi-Circle,  you  may  refleX  the 
-  Knots,  and  fo  refleX  the  Parallels  by  your  Eye. 


2.  AH 
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2.  All  the  Hours  will  be  projCiElcd  by  thefe  helps  very  eafily  ;  for' 
having  by  your  Eye  difcovered  in  the  Glafs  any  of  your  Hour  Points 
fixed  in  the  Horizontal  Thread  (your  Eye  being  at  a  good  difiance  from 
^  .  the  Glafs)  take  the^Refle^ing  Tlu*ead ,  and  interpofe  it  between  your 

Eye  and  the  Glafs  (the  'further  oft'  it  the  truer)  fo  as  that  the  Eye  may 
repofe  the  Thread  upon  the  Hour  Point  of  the  Horizontal  Line  appear¬ 
ing  in  the  Glafs  ;  and  the  Thread  in  this  Pofition  fixed,  will  give  the 
Hours  reflefted  upon  any  Superficies  whatfoever  it  be  that  fiand  in  the 
way.  *  _  '  .  . 

Having  fixed  the  Refle(Eling  Thread,  as  before,  fix  for  let  one  hold) 
another  Thread  (a  Projefting  Thread)  to  the  Glafs,  and  taking  the  other 
end  of  it  your  felf,  apply  it  all  along  the  fide  of  the  Reflefting  Thread, 
drawing  it  out  at  full  length,  till  (namely)  it  reach  to  the  Top,  or  Walls, 
or  Floor  of  the  Room;  lo  fhall  you  prick  out  the  Traft  of  the  Courfe 
of  the  Hour  Line  upon  all  Superficies,  as  lie  in  the  way,  where  through 
you  draw  out  your  Proje£ling  Thread ;  and  if  the  Superficies,  be  flat,  you 
need  not  make  above  two  Points  upon  one  Superficies,  and  fo  draw  a  firait 
Line  through  thofe  two  Points.  The  fame  work  is  to  be  repeated  every 
Hour  particularly,  and  in  the  felf  fame  manner ;  fo  that  I  fhall  not  need  to 
fpend  more  words.  , 

And  Note,  That  in  all  PfojeG:ions  (DireG:  as  well  as  RefleiTed)  if  you 
have  the  Gnomon,  or  Point,  or  G)^  (but  the  Glafs  muft  be  flat)  and 
any  one  part  of  an  Hour  Line  drawn  upon  the  Superficies,  you  may, 
after  the  Dial  is  finifhed,  transfer  that  Hour  to  any  Superficies  befide, 
by  ftretching  one  Thread  from  the  Apex  of  the  Gnomon  to  any  Point 
of  that  Hour  Line  that  is  drawn ;  and  then  by  ftretching  'another 
Thread  from  the  fame  Line,  by  the  fides  of  the  fir  ft  Thread,  till  it 
touch  the  Superficies,  upon  which  you  would  have  it  Projedled,  and 
into  as  many  Points  as  ftiall  be  required,  through  which  the  Hour- 
Lines  may  be  deferibed. 

A  Note  con-  This  is  the  general  way  to  Refleft  Hours  from  all  Pofitions  of  a  flat  Glafs 
cerningDraw-  Superficies. 

Lines  to  If  the  Glafs  be  not  Flat,  but  Convex  or  Concave,  you  muft  extend 
Refleaed  a  Thread  from  the  Reflefted  Pole  to  the  Points  or  Hours  in  the  Hori- 
O)ncav^°or  zontal  Thread ,  and  there  fix  it ;  then  difeover  in  the  Glafs  feveral 
Convex  Points  of  the  fame  Thread,  making  ftanding  Marks  (one  at  a  time)  for  the 

Giaffes.  feveral  Points  and  from  the  Glafs  through  thofe  ftanding  Marks  (one 

to  be  done  before  you  go  about  the  other)  extend  a  Thread  to  the  Roof, 
or  Wall ,  or  Floor ;  this  extended  Thread  fhall  give  one  Point  for  the 
intended  Hour.  Thus  you  are  to  do  for  other  Points  of  the  fame 
Hour ,  by  which  means  you  fhall  find  feveral  Points  for  one  Hour , 
through  which  Points  you  muft  draw  a  Line,  which  will  not  be  ftrait, 
becaufe  the  Glafs  is  not  Flat.  In  the  fame  manner  do  for  all  the 
Hours. 


SECT. 
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SECT.  IL- 

The  Second  general  ITay  is  this^  and  it  concerns  only 

Flat-Glajfes. 

Aving  ftretched  an  Horizontal  Thread,  and  fixed  Hour  Points  upon 

_ _  it,  as  in  the  former  way,  you  mull  find  the  Glafles  Zenith  PointJ 

which  is  eafily  done,  if  you  look  till  you  fee  your  own  Eye  Refleded 
in  the  midft  of  it;  for  if  you  there  fet  a  landing  Mark  (as  was  be¬ 
fore  fhewed  )  and  by  another  Thread  extended  from  the  Glafs  to  that 
Mark,  continue  the  Extenfion  of  it  until  you  meet  with  fome  Objeft  (viz,. 
Walls,- Cieling,  or  Floor,)  this  Thread  will  there,  give  you  the  GlalTes  Ze¬ 
nith  Point ;  from  which  Point  to  the  Glafs  a  Thread  mud  be  fixed,  re- 
prefenting  the  Glades  Zenith  Line. 

Now  feaufe  Angles  of  Incidence  and  Refledion,  are  the  fame  in  quan¬ 
tity  from  the  Zenith  Line,  but  cad  to  the  contrary  Goad  and  becaufe 
likevvdfe  the  Lines  of  Incidence  and  Refledion  are  both  in  the  fame  Su¬ 
perficies  with  the  Zenith  Line  (that  is  to  fay  ,  the  Superficies  wherein 
they  three  are,  is  ever  proper  to  the  Superficies  of  the  Glafs.)  If  therefore 
you  extend  Threads,  one  from  the  Glafs,  to  a  Knot  in  the  Horizpntal 
Thread,  and  another  fecond  Thread  from  the  Glafs  alia ;  but  on  the  o- 
ther  fide  of  the  Glades  Zenith  Line  (whicli  fecond  i’hread  mud  lie  in 
the  fame  Superficies  with  the  fird  Thread  and  Zenith  Line,  which  when 
it  doth  fo,  your  Eye  will  difeern,  for  in  this  cafe  all  the  Threads  will  lie 
to  view,  one  upon  another)  making  an  Angle  with  the  Zenith  Line  on  the 
contrary  fide,  equal  to  the  .Angle  made  by  the  fird  Thread  with  the, Ze¬ 
nith  Line.  How  to  make  this  Angle  equal,  I  leave  here  to  be  deferibed 
hereafter. 

Let  the  fird  Point  Rededed  from  the  Horizontal  Thread,  be  the  Meri¬ 
dian  or  12;  the  Thread  then  fo  difpofed  (as  before)  will  give  one  Point  of 
the  Meridian,  upon  the  Roof  or  Wall  of  the  Houfef  And  by  th0  Zenith 
Line  or  Thread  of  tlie  Glafs,  by  repofing  of  it  with  your  Eye  upon 
this  Meridian  Point,  you  may  draw  the  Rededed  Meridian  Line  ;  then 
confider  whereabout  the  true  Pole  of  the  World,  which  is  elevated  above 
the  Glafs,  is  and  elevate  it  by  the  Semi-Circle  in  the  true  (not  Re- 
fleded)  Meridian,  and  ca'd  it  upon  fome  .Objed  (Cieling  or  Wall, 
and  from  die  Glafs  to  it  extend  a  Thread,  which  is  the  true  Axis  of  the 
World.  This- mud  now  be  Rededed,  by  making  another  Thread  to  pafs 
from  the  Glafs ,  on  the  contrary  fide  of  the  Zenith  Line,  but  making 
equal  Angles  from  it  with  the  fird.  And  to  do  this,  and  to  judge  when 
it  is  contrary,  is  before  fliewed  in  the  Projeding  the  Points  of  the  Hori¬ 
zontal  Line.  This  Thread  is  to  be  fixed,  and  reprefents  the  true  Axis, 
and  is  therefore  to  be  called.  The  Reflected  Axis  of  the  World.  So  then 
all  the  work  will  be  now,  to  Reded  the  fevefal  Points  of  the  Hours 
upon  the  Horizontal  Line  ,  unto  the  Roof  or  Walls ,  or  what  Qb- 
jed  foever  (Flat  or  not  Flat)  dands  in  the  way  ;  and  then  by  this  Re¬ 
deded  Axis  to  Projed  them ,  by  thofe  Rededed  Points,  all  over  all  th? 
Objeds  that  dand  in  the  way.  This  is  the  Second  General  Way,  which 
cannot  in  all  particulars  be  applied  to  curved  Glades,  becaufe’ a  qurved 
Glafs  cannot  be  counted  as  one  Plain,  and  cannot  have  one  Zenitli  Line. 

liii  SECT/ 
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SECT.  III. 

The  Third  General  Way  U  only  for  Flat  Glajfes. 

ncrai  Wayfor  C^r  Glals  being  let,  and  the  Sun  Ihining,  ©blerve  the  foot  of  Li<’ht 
piatGuffes.  JL  Reflefted,  and  make  a  Mark  at  it;  At  the  fame  inftant  take  the 
Sun  s  Altitude,  and  inquire  what  Azimuth  the  Sun  then  had 

2.  You  are  to  make  a  Refleaed  Horizontal  Line  thus;  Vet  any  two 
Points  ta  equthhrio  with  the  Glafs ,  Reflect  thofe  two  Points  in  the 
lame  manner  as  was  fliewed  before,  and  make  two  Itanding  Marks 
as  was  before  declared ;  then  through  thofe  two  ftanding  marks  extend 
'  Thread  (though  nothing  at  all  Parallel  to  the  Horizon) 

lhall  reprefent  the  Horizontal  Line,  and  mull:  be  fixed,  and  called.  The  Re- 
peeled  Honaintd  Lme.  ■  This  may  be  turned  or  continued  fidewavs  un- 
wards  or  downwards,  as  occafion  fliall  offer  it  felf,  by  turnin"'  a  Thread 

infuchw'ifc  that  the  calling  (with  your  Eye)  thefirll 
feed  Thread,  upon  (or  unto)  the  Glafs,  the  continuation,  or  returninsr 
Thread,  may  be  feen  all  one  with  the  firll  Thread,  and  fo  lie  in  the  fame 
Superficies  w'lth  the  firll  Thread  and  ;the  Glafs.  All  thefe  Thi-eads  are  to 
be  accounted  for  the  Reflected  Horizontal  Line. 

L  Your  own  Zenith  or  Nadir  Point  muft  be  Projeefed ,  which  is  done . 
oy  letting  fome  Marks  or  Points,  perpendicularly  over  or  under  the  Glafs* ' 
and  removing  your  Eye  till  you  can  fee  the  fame  in  the  Glafs:  then  when 
you  fee  It,  fet  a  ftanding  Mark,  fo  fliall  a  Thread  extend  from  the  Glafs 
to  tl^s  ftanding  Mark,  and  fo  till  it  meet  with  fome  Object ,  reprefent 
the  Zenith  or  Nadir  Line  (not  of  the  Glafs  but;  of  the  Horizon,  to  which 
end  let  the  Thread  be  there  for  a  while  fixed. 

4.  By  repofing  this  Thread  upon  thefpot  of  Light  before  found  (which 
refpects  the  Azimuth  wherein  the  Sun  was  at  the  time  of  Obfervation) 
you  may  project  the  Sun  s  Azimuth  into  the  Reflected  Horizontal  Line"^ 

.  you  are  to  tie  a  Mark  ;  for  this  guides  all  tlxe  Work  that  fol- 

5.  Next  confider  whether  the  Azimuth  were  Eaft  or  Weft  and  rnn 
fequently,  on  which  fide  of  it  the  Meridian  will  fall ;  which  belno-  known 
you  mult  upon  this  Reflefted  Horizontal  Line  protraft  the  faid  Azimuth 
m  the  fame  manner  that  is  ufed  in  the  former  way,  from  that  Reflected 

dfln'r rn  ‘  you  muft  obferve  to  do  fome 

things  (though  the  fame  in  fubftance,  yet)  different  in  a  peculiar  manner 

as  thus :  Upon  a  Paft-board  for  any  other  Flat)  being  held  to  the  Glafs’ 

cle  that  (though  It  be  taken  away  yet  again)  it  may  be  applied  to  the 

iiPon  a  Paft-board  fitted  to  the  purpofe,  andap- 

fm"  f  n  “  tow'ards  the  Reflected  Horizontal  Line,  that 

fo"?®  f’fo’"  i  ftietch  out  a  Thread  from  the  faid  Center 
to  the  Point  of  the  Azimuth  noted  upon  the  Horizontal  Reflected  Line  and 
note  the  Line  that  the  Thread  makes  upon  the  Paft-board,  for  the  lame 

1  me  reprefents  the  afore-faid  Azimuth. 

C  For  this  Azimuth,  obferving  the  true  coaft  of  Reflection,  fet  off 

the 
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the  Meridian,  and  fo  to  deferibe  upon  Paft-board  an  Horizontal  Dial  f'rc- 
membring  how  ro  number  your  Hours  by  confidering  unto  what  Coaft  the 
Reflexion  will  carry  themj  and  putting  your  Paft-board  upon  its  former  Si¬ 
tuation,  with  a  Thread  from  the  Glafs  or  Center,  projefl  all  the  Hours 
from  the  Paft-board  to  the  Refleded  tlorizontal  Line ;  and  tie  Marks  at 
each  of  them  fwerally. 

7.  You  are  then  to  Reflecl  the  Pole,  and  to  fix  a  Refleded  Axis  in  this 
manner:  Firft,  Rcfted  the  Zenith  or  Nadir  Point,  and  makeaftanding 
Mark  at  it ;  then  extend  a  Thread  fo,  -as  that  through  the  length  of  it  you 
may  fee  the  Point  of  12  in  the  Horizontal  Line,  the  Refleded  Zenith  and 
Nadir  Point,  and  the  Glafs,  all  three  together,  fo  fliall  you,  by  that  means,  -  - 
lay  this  Thread  in  the  Planities  of  the  Meridian.  Now  in  the  Meridian 
lie  the  Poles  of  the  World,  diftant  from  the  Horizontal  Line  (^that  diftance 
being  counted  in  the  Meridian  Superficies  j  fo  much  as  the  Elevation  of  the 
Pole,  or  the  Latitude  of  the  Place,  or  the  Supplement  of  the  Latitude  com- 
eth  to.  Now'  whether  to  dioofe  the  Latitude  or  the  Supplement  thereof, 
the  difpofition  of  the  Work  will  be  ready  to  fhew  you.*  After  this  then  ap¬ 
ply  a  Paft-board  to  the  Glafs,  and  fetit  always  diredly  towards  that  Thread 
in  the  Plain  of  the  Meridian,  and  let  it  alw^ays  reft  upon  fome  flay,  that 
though  it  be  taken  away,  yet  it  may  be  again  placed  in  the  former  truepo- 
fture.  I'hen  from  the  Glafs  to  12  upon  the  Horizontal  Line,  extend  a 
Thread,  and  draw  upon  the  Paft-board  the  Line  that  the  Thread  fheweth ; 
and  upon  the  fame  Paft-board  from  that  Linefo  drawn,  and  from  the  Glafs, 
as  aCenter,or  place  the  of  it  on  the  Paft-board, protraH  anAngleofyou  Lati¬ 
tude,  or  the  Supplement  of  it,  that  way  that  the  Refleded  Pole  would  hap-: 
pen,  and  applying  your  Paft-board  to  its  old  place  again,  by  a  Thread  from 
the  Glafs  extending  along  that  Line  on  the  Paft-board  and  fixed,  you  have 
the  Refleded  Axis. 

^8.  Having  fixed  this  Refleded  Axis,  by  it  and  the  Points  upon  the  hori¬ 
zontal  Reflede’d  Thread,  you  may  project  the  Hour  Lines  upon  any  Ob¬ 
ject  (flat  or  curved j  whatfoever  it  be,  and  after  draw  them,  and  diftin- 
guifh  them  as  before  hath  been  fhewed. 

For  further  Obfervation  herein  ,  Note,  That  it  falls  out  oftentimes 
that  Windows  are  fo  difpofed,  that  no  Axis  can  be  faftned  to  project  withal ; 
and  the  Rooffs  likewife  fo  uneven,  that  a  true  Horizontal  cannot  be  pro¬ 
tracted  :  In  fuch  cafes,-'if  the  Glafs  lie  flat,  you  may  help  your  felf  in  this 
manner :  Extend  an  Horizontal  Thread  in  the  Air, lying  level  with  the  Glafs ; 
upon  this  Thread  project  the  Points  of  an  Horizontal  Dial;  likewife  ftretch 
another  Thread  in  the  Air,  directly  Eaftand  Weft,  parallel  to  theHdri-  . 
zon,  elevated  above  the  Meridian  atan  Aiigle  from  the  Glafs  381,  equal  to 
the  Equinoctial’s  Altitude ;  and  upon  this  Thread  alfo  project  Hour  Points 
by  an  equal  Circle  or  Paft-board,  cre.  Now  if  you  extend  Threads  from  the 
Center  of  the  Glafs  to  the  Horizontal  HourSj  and  from  thofe  extended 
I'hreads,  do  extend  others  to  the  equal  Points  upon  the  Roof,  you  fhall 
make  points  enough  through  which  to  draw  the  Hours. 
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CHAP.  IV. 

0 

HotP-y  to  a  Glofs  laid  in  the  Window^  and  placed  truly  Horizon^- 
taly  to  Draw  Hours  upon  a  ieling  that  k  aljo  truly  Horizontal.^ 
and  Flat.^  not  Curbed, 

% 

following  way  of  the  next  Chapter  is  projective:  This  is  for 
I  the  moft  part  Lineary,  and  fuitable  to  other  Draughts.  This  is 
JL  alfo  more'  particular,  tied  to  the  Cieling,  and  to  that  alfo  as  flat 
only  and  Angle,  not  any  way  curved  or  multiplied.  The  other  following 
will  be  for  all  kinds  and  numbers  of  Superficies  in  general.  This  more  fre¬ 
quent  and  more  eafie  alfo ,  that  more  feldom  happening  and  more  dif¬ 
ficult* 

This  is  branched  into  two  Cafes,  that  is  more  generally  delivered  in 
one  way ;  in  both  which  this  is  common,  namely,  Firfl,  Obferve  a  Spot 
of  the  Sun’s  Light  made  upon  the  Cielingj  and  to  make  a  mark  at  it,  and 
take  the  Sun’s  Altitude  at  the  fame  inlhanq  and  inquire  what  Azimuth  the 
Sun  then  had. 

Thefe  things  fo  prepared,  you  are  likewife  to  find  a  Meridian  Line,  to 
v/hich  end  you  muft  alfo  find  the  Zenith  Point  of  the  Glafs  upon  the 
Cieling  in  this  manner :  Hold  a  Perpendicular  Thread  to  the  Cieling,  in-fuch 
place  that  through  it  you  may  at  once  fee  both  the  Mark  made  for  the  fpot ' 
of  Light  obferved,  and  alfo  the  Center  of  the  Glafs,  trien  protract  that 
Line  (blindly)  upon  the  Cieling,  which  the  Thread  fo  hanging  feems  to 
make  upon  it ;  this  Line  fo  drawn  reprefents  the  Sun’s  Azimuth  at  the  time 
ofObfervation.^  Again,  Hold  up  to  the  Cieling,  in  any  other  place  of  it,  the 
fame  proper  Thread,  and  remove  your  Eye  till  you  fee  (through  the  hang¬ 
ing  Thread;  the  Center  of  the  Glafs,  and  (your  Eye  there  {landing;  ob-  ^ 
ferve  where  the  fame  Thread  cuts  through  the  Azimuth  Line  before  drawn  ; 
at  the  apparent_  interfection  make  a  Mark,  for  that  is  the  Zenith  of  the’ 
Glafs,  or  the  Point  that  is  jufl:  over  it  perpendicular.  Upon  this  Point,  now 
being,  taken  as  a  Center,  defcribe  a  piece  of  a  Circle  from  the  Azimuth  ' 
Line,  and  fet  off  (upon  it;  the  diftanceof  the  Meridian  from  the  Azimuth, 
keeping  the  i  true  Coaft  that  it  fliould  have,  which  your  own  Judgment 
will  tel)  you  well  enough ;  then  from  the  Center  to  this  diftance,  a  Line  ; 
drawn,  iwill  give  you  the  Meridian  Line.  Having  thus  found  a  Meridian 
Line  ojl'  Line  of  1 2,  the  reft  of  the  Work  will  branch  it  felf  into  two  Forms,  i 
according  as  the  Window  fhall  look,  towards  either  South  or  North.  ' 

S  E  C  T.  I. 

Ip  it  be  a  Window^  whoje  AfpeS  k  towards  the  South, 

I^Rom  the  Glafs  elevate  your  Semi-Circle  towards  the  North  part  of 
the  Meridian  which  you  have  Drawn  upon  the  Cieling ;  I  fay  ele¬ 
vate  your  Semi-Circle  directly  from  the  Glafs  to  the  Meridian,  unto  the 

Altitude 
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Altitude  of  your  EquIno61:ial,  and  where  the  Ruler  of  your  Semi-Circle 
points  f which  may  be  found  by  a  Thread  apply’d  to,  and  extended  along, 
the  fame  Ruler,  till  it  meet  with  the  Plain  or  Cicling)  into  the  Meri¬ 
dian  ,  there  make  a  Point ;  through  this  Point  draw  an  infinite  Line  , 
perpendicular  to  the  Line  of  12  or  Meddian  ;  this  Line  reprefents  the 
Equator,  upon  which  you  arc  next  to  infert  the  Hour  Points  in  this 
manner :  Take  with  a  pair  of  Compaifes  the  Diftaoce  between  the 
Glafles  Center  and  this  Point  of  Interfeftion,  between  the  Meridian  and 
Equino6fial  Lines,  the  fame  Diilance  you  muft  account  as  a  Radius,  and  is 
therefore  to  be  divided  into  1000,  or  more.  Decimal  Parts,  as  your  Deci¬ 
mal  Scales  life  to  be.  Then  out  of  this  Scale,  atid  by  help  of  a.  Natural  Ca¬ 
non,  take  the  Tangents  of  each  Hour,  or  1 5  deg.  viz.  1 5,  ^p,  45,  60, 75, 
and  prick  them  down  upon  the  Equinoftial  Line  on  both  fides.the  Line  of 
12,  fo  many  as  the  Room  will  receive,  fo  fhall  you.  have  5  Points  on 
each  fide  of  the  Meridian  for' fo  many  of  them  as  the  Room  will  give 
way  for,)  through  which  all  the  Hours  are  to  pafs  y  aqd  fo  if  the  Cen¬ 
ter  of  the  Dial,  or  the  common  Point  of  their  concourie.  were  within  the 
Room,  it  were  a  very  eafie  bufinefs  to  draw  all  the  Hours  from  thofe. 
Points  to  that  Center  and  the  Six  a  clock  alfo  through  the  farne  Cen¬ 
ter,  perpendicular  to  the  Line  of  12.  But  becaufe  the  Centers  of  tjiefe 
Southerly  Dials  do  mofi:  commonly  fall  without  the  Room,  therefore, 
this  way  cannot  be  ufed.  The  bell:  way  therefore  that  I  can  judge  of  is 
this.  You  mull:  have  an  Horizontal  Dial  Calculated  for  your  Latitude,  then 
fuppofing  the  fpace  betwixt  12  and  1 1,  or  i,  the  next  Hours  on  either  fide 
to  be  II  deg.  5 1  min.  you  may  take  the  Complement  of  that  fpace,  which 
is  78  deg.  09  min.  and  upon  tfie  Points  of  the  Hours  next  to  12,  as  upon 
two  Centers  deferibe  two  Arches  of.Circles,  and  protract  the  Angle  of  78 
deg.  9  min.  from  the  Equino8:ial  Line,  fo  fhall  Lines  protrafted  at  thofe 
Angles  from  the  Equinoaial  Line, be  the  true  Hour  Lines  require;d.For  if  the. 
Angle  between  1 2,  and  the  next  Hour  be  1 1  deg.  5 1  min.  and  the  Angle 
between  the  Equator  and  Meridian  be  a  right  Angle,  then  muft  the  Angle 
betwixt  the  Hour  and  the  contingent  Line  be  the  Complement  of  1 1  deg. 
51  min.  that  is  78  deg.  09  min.  Thus  you  may  do  for  all  the  reft  of  the 
Hours  till  you  come  to  6.  For  the d  a  clock  Line  you  muft  know,  that  it 
is  to  be  drawn  Parallel  to  the  Equino£lial  Line,  and  to  be  diftant  from  it, 
as  much  as  the  Co-fecant  of  tlie  Latitude  taken  to  the  fore-named  Radius, 
or  decimal  Scale  will  extend  unto. 

-  For  the  other  Hour  Lines  that  are  further  remote  from  12  than  6  is,  it 
will  be  beft  to  do  thus ;  draw  a  line  in  any  place,  but  perpend,  to  the 
Line  of  6,  and  obferve  at  what  Diftance  and  Angles  the  Hours  already 
drawn  do  ftand  from  6 ,  and  what  Angles  they  make  with  the  perpen¬ 
dicular  laft  drawn.  Set  the  fame  diftance  upon  the  Line  from  6,  and  at 
thofe  Points  protra8:  the  fame  Angle  to  the  Line  laft  drawn,  fo  lliall  the 
Lines  protrafted  be  the  true  Hours  required. 

,But  if  in  this  caft  your  Equino£fial  Line  is  hot  long  enough  to  hold 
all  the  five  Hour  Points  between  1 2  and  6  ,  you  may  help  your  felf 
thus,  Prick  down  as  many  of  them  as  you  can  from  1 2,  three  at  the 
leaft  then  draw  a  Line  Parallel  to  the  Equator  Line,  fo  that  the 
length  ofitbetwdxt  12  and  any  Hour,  may  betor^,  or  feme  fuch  like 
part  of  the  length  of  the  Equator  intercepted  between  1 2  and  the  fame 

K  k  k  k  Hour,- 
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Hour,  that  the  work  may  be  the  more  eafily  proportioned  ;  when  this  is 
done,  you  may  upon  thislaft  Line  fet  off  from  12,  or,  of  the  Tancrents 
before- mentioned,  which  will  give  the  Points  in  the  faid  Line,  through 
which  the  Hours  muff  pafs;  and  becaufe  the  Line  is  parallel  to  the  E- 
quator,  therefore  at  thofe  Points  you  muff  make  the  fame  Angles  with 
this  new  drawn  Line,  that  the  fame  Hour  would  have  made  with  the 
Equator ,  and  therefore  they  muff  be  protraded  in  the  fame  manner. 
And  if  you  would  caff  the  Hours  from  the  Cieling  to  the  Walls  ,  you 
may  do  it  by  the  general  way  fet  down  in  the  fore-going  Precepts  to 
transfer  any  Hour  by  the  Apex  of  the  Gnomon,  any  part  of  that  Hour  be¬ 
ing  given  or  drawn. 

You  may  turn  the  Secant  of  your  Latitude  at  any  other  Hour,  as  4,  and 
divide  it  into  the  Tang.  30.  Or  you  may  at  the  third  Hour  Point  frorn  1 2 
in  the  EquinoiEtial,  turn  up  a  Perpend,  to  the  Equin.  ora  Parallel  to  12 
and  make  that  Line  to  be  in  length  equal  to  the  Co-fecant  of  the  Lati¬ 
tude  taken  out  of  the  former  Decimal  Scale  or  Radius.  If  now  at  the 
end  of  this  length  you  draw  a  Line  Parallel  to  the  Equinoftial,  the  fame 
will  be  the  Line  of  6.  Then  further,  taking  the  Co-fecant  of  the  Lati¬ 
tude  as  a  Radius,  or  Decimal  Scale,  fet  upon  it  ("as  a  Radius)  fforn  the 
Point  of  6  the  Tangents  of  1 5,  30,  and  45,  that  is  the  Tangents  of  i,  2,  3 
Hours;  the  third  Hour  Point  being  at  the  meeting  of  the  Equator 
and  this  Point,  or  the  whole  length  of  the  Line,  and  (which  I  Ihould 
have  faid  before)  draw  this  Line  quite  beyond,  as  far  as  the  Cielino- 
will  fuffer,  and  from  the  Point  of  6,  both  ways,  or  on  both  Tides  of  i?, 
fet  on  the  Tangents  as  before;  fo  have  you  the  Points  through  which  all 
the  Hours  muff  pafs.  Then  if  it  be  known  at  what  Angles  to  this  Line 
the  Hours  do  lie,  it  will  be  eafie  to  protradf  fuch  Angles  upon  the  fore- 
placed  Points,  and  accordingly  to  draw  the  Hour  Lines.  Now  the  An¬ 
gles  that  each  Hour  Line  makes,  with  this  Line  laft  drawn,  are  the  fame 
that  they  make  with  the  Line  of  1 2 ,  and  accordingly  muff  be  pro- 
traQed* 

SECT.  .II.  V 

If  it  he  a  Window  looking  towards  the  North.  ' 

HAving  found  a  Meridian  Line,  as  is  fhewed  before ;  from  the  Glaf- 
fes  Cemer  upwards  into  the  Meridian  Line ,  elevate  your  Semi-  . 
Circle,  according  to  the  Latitude  of  your  place,  and  obferve  (by  a  Thread 
j(wned  to  the  Ruler  of  the  Semi-Circle,  if  need  require)  where  the  Ruler 
of  the  Semi-Circle  Points  out  the  fame  Latitude,  there  make  a  Point,  for 
that  is  the  Center  of  your  Dial,  which  is  nothing  but  a  plain  Horizontal 
Dial.  If  you  deferibe  a  Circle  upon  the  Center,  and  likewife  out  of  that 
Center  ere6I  a  Pependicular  to  the  Meridian,  you  are  fitted  to  perform 
your  work ;  for  you  have  no  more  to  do  but  to  fet  off  either  from  the  Hours 
of  6  or  12  (which  you  like  beft)  all  the  other  Hours,  according  to  their 
ipaces,  in  an  Horizontal  Dial  from  6  or  1 2  ;  and  fo  this  cafe  proves  eafier 
than  the  former  did; 
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CHAP.  V. 

How  by  this  manner  of  Work  upn  a  Flat  Window  that  u  truly 
Horizontal^  and  to  a  Point  Jet  up^  (U  the  Point  of  a  Gnomon^ 
may  Hours  be  protraSed  to  a  direS  Shadow  :  Thws^ 

OBSERVE  the  fhadow  of  the  Point,  mark  it,  take  the  Sun’s  Alti¬ 
tude  at  the  fame  inEant,  and  require  the  Azimuth  5  then  with 
a  Perpendicular  Thread  projed  the  mark  of  the  Azimuth,  upon 
the  Point  of  the  Gnomon,  and  draw  that  fhadow  or  traQ:  of  the  Thread 
made  upon  the  Window-board,  which  Line  will  be  the  Azimuth.  Again, 
Hold  up  your  Perpendicular  Thread,  and  Through  it  view  the  Point  of 
the  Gnomon,  and  at  the  very  inftant  (your  Eye  and  Thread  being  both 
immoveable^  fee  alfo  where  the  Thread  appears  to  cut  the  Azimuth  be¬ 
fore  drawn,  and  mark  that  point  of  interfeftion ;  upon  that  Point ,  as 
a  Center,  deferibe  a  Circle,  and  upon  the  fame  Circle  (from  the  A- 
zimuth  toward  the  true  Coaft)  fet  off  your  Meridian  and  draw  it. 
Then, 

SECT.  I. 

If  it  be  a  Window  looking  towards  the  South, 

From  the  Point  of  the  Gnomon  down  to  the  Meridian,  let  fall  yowr 

Semi-Circle,  fo  much  as  the  Complement  of  the  Latitude  comes  tOj 

and  mark  the  Point  which  the  Ruler  of  your  Semi-Circle«  then  makes  upon 

the  Meridian:  Perpendicular  to  the  Meridian,  in  this  Point,  draw  the  E- 

quino8:ial  Line,  and  then  finifli  all  your  Work,  as  is  taught  before  in  Cie- 

lingDials  ;for  it  is  the  fame  quite  through,  without  any  manner  of  difference 

at  all :  and  fo  there  needs  no  more  to  be  faid  of  iu 
.  *  '  ' 

SECT.  11. 

If  the  Window  look  towards  the  Northi 

Find  out  the  Meridian,  as  you  did  before,  then  from  the  Point  of  yoiif 
Gnomon,  deprefs  your  Semi-Circle,  into,  or  upon,  the  Meridian,  fo 
much  as  your  Latitude  is,  and  note  the  Point  in  the  Meridian,  that, the 
Ruler  pointeth  out^  for  that  is  the  Center  of  the  Dial ;  from  which  Center 
a  perpendicular  to  the  Meridian,  is  the  Line  of  6  ;  and  from  6  and  that 
Center  you  may  protrad  all  the  Hours,  as  before  in  Cieling  Dials,  that  look 
towards  the  North; 
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CHAP.  VI. 

How  from  a  Glafs  Horizontally  placed  (or  from  Water  or  other 
Liquors)  to  RefleB  Hours  upon  any  Superficies  Flat  or  Curved 
one  or  more,  ’ 

ntoeoroS;  V'thin  a  Room,  and  is  not  yet  limited 

maybeputin-  fi  to  a  plain  Superficies,  but  in  general  to  all,  Flat  or  Curved  Jvinp- 

Horizontal  or  Handing  Upright,  or  elfe  Leaning.  It  is  sieneraf 
enpreffingipll."  S^erficies,  \i^ereunto  the  Delcription  is  to  be  made,  but 

on  the  Hour  Particular  in  refpeft  of  the  pofture  of  the  Glafs,  for  that  is  here  rcoiiirp^ 
Lines^cwith  that  It  fhould  be  Horizontal.^^  Now  to  place  it  Horizontaf,  do  thus  Trl 

Circle)  luch  httle  Board,  flat  and  even  with  the  Board,  and  either  maki  it  fall 

Altitudes  as  by  forcing  It  into  the  Board  (the  place  of  it  being  ftrait  and  iufi:  fit'^orelf^ 

?hat'™tavf  ^  beaten  very  thin,  but  befure  it  lie  {rue  t6 

(not  below)^  01  the  Board ;  then  with  a  fmall  Level  lay  the  Board  truly  Flat  or 

Glafs  or  Horizontal,  which  will  be  done  without  any  great  difficulty  whirfi  ,*c 
Horuon.  Ue  for  the  moft  part  in  the  Window.  ^  ^ 

1.  The  Glafs  being  laid,  obferve  the  Spot  of  Light  that  the  Sun  carts' 

and  make  a  mark  at  it.  * 

2.  And  immediately  obferve  the  Sun’s  Altitude,  and  find  the  Azimuth 

3*  Then  extend  an  Horizontal  Thread  in  the  lame  Level  with  the  GLic 
but  within  the  Room. 

_  ■  4.  Afterwards  projeA  the  Azimuth  into  the  Horizontal  Thread  bv  hold 

mg  up  a  Perpendicular  Thread  in  fuch  a  place,  that  though  it  bans  at  libef 

ty,  you  may  at  once  difccrn  both  the  mark  of  the  Spot  of  Licht  and  the 

Glafs  hkewife ;  and  then  obferve  where  the  Perpendicular  Thread  feenis  tn 

cut  the  Horizontal  Thread ;  at  that  apparent  interfeaion  tie  a  Ihort  Thread 
for  a  mark  of  the  Azimuth.  c  a  m  caa 

5-  ^PP'y  a  Part-board  to  the  Glafs,  and  fo  that  it  may  be  rtaid  upon 
fome  rertr,  that  after  it  is  taken  away  it  may  be  rertored  to  the  firrt  oofture 
without  impeachment :  Let  it  be  alfo  held*  Horizontally,  fo  as  that  it  mav 

■  have  full  Relation  to  the  Horizontal  Thread.  ^  -  '‘cmay 

6,  At  the  GlalTes  Center  make  a  Point  for  a  Center  upon  the  Part-board 
and  extending  a  Thread  from  the  Center  of  the  Part-board  to  the  mark  of 
the  Azimuth  upon  the  Horizontal  Thread,  draw  upon  the  Part-board  that 
Line  which  the  Thread  fo  extended  figures  out  thereon.  Afterwards”  unto 
Ae  fame  A^rauth,  upon  the  Part-board,  draw  a  Meridian,  and  to’ it  an 
Hor^ntal  Dial,  and  applying  the  Part-board  to  its  firrt  Situation,  proie^ 
the  Hours  thereoii,  unto  the  Horizontal  Thread,  and  the  Knots ;  all  which 
IS  done  in  the  Room.  -  ’ 

7-  Then  projeH  the  Meridian  (by  a  perpendicular  Thread,  coverins 
m  ap^arance,  both  the  Knot  of  12  and  the  Glafs)  unto  the  cof- 
trary  Coaft  to  that  wherein  the  Pole  is  elevated  (above  the  Horizon) 
that  IS  to  fay  m  our  Northern  Climats  you  mull  projeft  the  Meridian 
Southwards  from  the  Glafs,  becaufe  the  North  Pole  is  elevated.  And 
in,  ibe  Meiidian,  elevate  your  Semi-Circle  from  the  Glafs  Southwards 
till  It  rife  up  to  your  Latitude ;  fo  fliall  the  Ruler  of  the  Semi-Circle 
point  out  (upon  fome  Obieft  fet  to  receive  it)  the  North  Pole  Reflefted 

Or 


reflective  dialling. 

Or  elfe  if  that  be  not  convenient  (becaufe  in  Windows  or  fuch  like  places 
that  (land  towards  the  South,  the  North  Pole  will  be  without  the 
Room,  and  fo  the  Axis  above  the  Glafs  extended  towards  that  Pole 
will  be  without  alfoj  yOu  may  in  fuch  cafes  find  out  the  oppofite  Pole 
to  it,  that  is  to  fay,-  the  Pole  which  the  former  reflected  Axis  being  ex¬ 
tended  through  the  Glafles,  and  below  it,  would  fign  out,  and  that 
may  be  effected  in  this  manner : 

Project  the  Meridian  Line  towards  the  Pole  that  is  elevated,  that  is  with 
us  towards  the  North  Pole,  and  then  ^becaufe  the  North  Pole  is  elevated 
by  Reflection  towards  the  South,  fo,  by  the  fame  reafon  the  South  Pole  muft 
bedepreffed  towards  the  North)  with  the  Ruler  of  youl*  Semi-Circle,  di¬ 
rected  even  with  the  Centej  of  the  Glafs,  exprefsor  project  your  Latitude 
downwards  (but  towards  the  North)  fo  fhall  the  Ruler  of  the  Semi-Cir¬ 
cle  point  out  the  Reflected  South  Pole  in  the  Meridian.  Now  whether 
you  will  or  can  rmofl:  conveniently)  ufe  the  reflected  North  Pole  above  the 
Glafs  or  the  reflected  South  Pole  below  it,  you  are  to  take  your  choice,^ 
for  both  the  one  and  the  other  of  them  do  reprefent  the  ireflected  Axis  of 

By^  this  reflected  Axis,  and  the  Hour  Points  figned  out  upon  the  Hori¬ 
zontal  Thread,  you  may  eafily  project  the  reflected  Hours,  in  the  fame 
manner  that  hath  been  heretofore  declared  upon  any  kind  of  Superficies, 
one,  or  more,  what  ever  they  be  that  Ifand  in  the  way. 


CHAP.  I. 

Hovp  to  vjcikc  CL  Dicil  to  Cl  Flat  Glafs  laid  ajlope^  refie^in^  the 
Hours  all  obliquely^  and  u^on  any  kind  of  deling^  whether  Flat 
or  Cur'ued^  or  mixt  of  both^  &c.  If  the  Window  wherein  it  is 
'  'placed  look  towards  the  South. 

I 

A  L,tliou<»h  fomewliat  hath  been  faid  hereof  before,  yet  this  being  in 
A  fome “particulars  different,  it  fliall  be  fet  down  in  feveral  by  it 

L~\  felf, 

SECT.  I. 

>  * 

Of  fetting  the  Glafs,  and  fitting  it  for  the  intended  ufe. 

IF  it  be  ?  piece  of  Looking-glafs  foiled,  then  the  Work  of  the  Dial 
will  be  the  moft  vLfible,  and  fo  more  expedite;  but  then  it  will  reflect 
two  fpots  of  Light  at  the  leaft,  the  darkeft  whereof  coming  from  the 
upper  Superficies,  will  be  the  Spot  that  the  Dial  will  anfwer  unto;  but 
if  the  Foil  be  rubbed  off,  and  the  back-fide  finftead  of  Foiling)  be  cp- 
vercd  over  with  thick  Oyl  Colour,  or  rubbed  on  a  Brick,  then 
it  reflect  only  the  dark  Spot  from  the  upper  Superficies  of  the  Glafs, 
and  the  light  Spot  (which  in  the  other  came  from  the  Whitenefs  and 
Politnefs  of  the  Foil)  will  (in  this)  be  utterly  loft*  This  will  be  the 

Llll  truer 
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truei-  way  to  go,  but  the  more  obfcure  for  Refleaion,  both  io  makinc  arifl 
ufing  ot  tlie  Dial.  Which  foever  of  the  two  Glafles  vou  will  ufe  ^let  it 
be  of  ail  indifFerent  large  Diameter  (about  i  of  an  inch  or  more)  that  the  Re 
fleaion  may  be  the  more  facile,  as  hereafter  will  be  fliewed.  ^  Let  it  be  in 
laid  into  a  piece  of  Lead  or  elfe  Wood,  fuch  as  the  heat  of  the  Sun  Beam^ 
may  not  alter ;  and  there  fixed  with  hard  Wax,  or  fuch  like  glutinous  mw! 
tei;  then  place  it  aflope  in  fucli  conyeniency  for  Refleaion  as  you  fhall 
ludge  fitteff,  namely,  fo  as  the  work  may  befmoftof  it  atleartJ  Lfh  i  mn 
the  top  and  fides  of  the  Room,  and  as  little  as  may  te  upon 

1°  ? Window  wherein  you  fix  it  be  broad  then  let  it 
not  ftand  upon  the  Stool  of  the  Window,  but  above  it,  at  feme  r^fon  h^ 
di fence  leaf  by  the  fame  Stool  you,  perchance,  be  hindered”  dfe  r£ 
ft  on.  Upon  the  middle  ot  your  Glafs,  as  near  as  you  can  ^uefs  make  a 
mall  fpot  ot  Ink,  which  fpot  hereafter  is  called  the  Center  of  the’ciafs.  * 

s  E  C  T.  II. 

V 

Of  the  Obfermtion  to  be  made  by  the  Sun.,  and  fitting 
all  things  for  further  progrefs.  ^ 

rO  perform  this  work  of  Obfervation,  you  are  to  do  all  thiiitrs  a.;  ;f 
you  were  to  make  a  direa  Sun-Dial,  ’to^  the  Centefof  the  G^kfs  as 
tne  unomon,  an^d  that  all  common  impediments  may  be  removed  let’  all 
the  panes  of  Glafs,  where  theRefleaing  Glafs lieth.iie  takeTdown  out  of 
£«h^:’  convenient^room  to.do  that  whS  „ow  fdl 

I.  Piift,  fet  an  Horizontal  Thread  m  xquilibrio  with  the  GlafTes  Cenmi- 

rj  Thread,  betwixt  the  Sun  and  the  Center 

thUr  I  r  ^  ’  A  1*’^*'  ^e.^adow  of  it  may  pafs  through  the  Cente  of 
the  Glafs  ;  and  in  that  pofition  you  muft  diligently  obferve  where  the  fha^ 

r  vM  hid  f  ’|  ^  the  apparent  interfeaion  draw  a  flipnino  Knot 

(ty  d  before  for  that  purpofe  upon  the  Horizontal  ThipiHy  nU .  1 

npnta  Thread,  till  VfhadoV  of  thS  Si  TnS  Smfr^i^m^^^^ 

5.  By  a  perpendicular  Thread  held  up  within  the  Room,  and  ordered 

in. 
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in  the  hanging  fo,  as  that  you  may  fee  through  it  (at  once)  both  the  Me-' 
ridian  Knot,  and  the  Center  of  the  Glafs ;  projeft  the  fame  Thread  upon 
the  top  of  the  Room,  this  Projeffion  fhall  be  the  Meridian  Line,  which 
paffeth  diredly  over  the  Center  of  the  Glafs. 

6.  From  the  Center  of  the  Glafsinto  this  Mdridian  Line,  direct  your  Se¬ 
mi-Circle,  and  elevate  it  to  your  Latitude,  and  fo  (by  it)  injeft  the  North 
Poleinto  the-fame  Meridian, which, in  thofe  Windows  that  look  towards  the 
South,  will  fall  within  the  Houfe  upon  the  deling. 

7.  From  the  Center  of  the  Glafs  to  this  North  Pole  extend  a  Thread  fpr  ' 
the  Axis  of  the  World,  and  for  that  purpofe  fit  a  Wire  with  a  head  like  a 
Pin,  then  fallen  that  Wire  into,  or  near  to  the  Wood  whereon  the  Refle- 
fting  Glafs  is  laid,  and  bow  down  the  Head  of  it,  until  it  touches  the  Glaf- 
fes  Center;  then  fallen  your  Thread  Axis  to  this  Head  of the  Wire,  at  one 
end,  and  to  the  Cieling  at  the  other  end. 

Thus  are  all  things  fitted  for  further  progrefs  in  the  Work.  That  which 
is  hitherto  delivered,  no  what  differing  from  what  is  preferibed  for 
making  Dials  for  the  dire£l  Rays  of  the  Sun. 

SEC  T.  III. 

Of  further  fitting  the  Work  that  u  ^re-required  to  the 

ReJleBing  of  Hours, 

Before  any  Reflexion  can  be  made,  it  will  be  requifite,  that  the  dire(El 
Hours  be«fo  exprelfed,  that  they  may  from  thence  be  brought  into  the 
Glafs,  and  from  thence  again  Refle6led.  to  the  Cieling  or  Sides,  or 
any  other  part  of  the  Room.  And  the  readieft  way  that  I  can  find  for 
this  purpofe  is  this. 

HAving  before  prepared  your  dire£l  Axis ,  and  likewife  the  Hour 
Points  upon  the  Horizontal  Thread,  you  may  by  them  projeH:  (with 
your  Eye)  each  Hour  feverally  without  the  Window,  by  one  of  thefe  two 
ways : 

I.  Lay  a  long  Stick  or  Pole  without  i.  Nail  down  fomewhat  near,  and 
the  Window  (upon  two  Rells)  about  as  low  at  leaftas  the  Refleding  Glafs, 
half  a  yard  from  the  Refleding  Glafs,  fome  little  Stick  or  Wand  upon  the 
outwards  towards  the  Sun ,  and  let  Stool  (or  to  fome  other  part)  of  the 
it  lie  (as  low  or)  near  about  the  Le-  Window,  fo  as  that  it  may  be  turned 
vel  of  the  Refle£ling  Glafs :  There  about  the  Nail  as  a  Center  Pin ;  let  it 
is  no  exa£lnefs  required  in  this.  lie  about  half  a  yard  without  the 

Window  towards  the  Sun,  and  fome 
fmall  quantity  within,  that  it  may  be 
conveniently  turned  about  with  fome 
fliffnefs ;  make  a  notch  in  the  very  end 
of  the  Stick,  that  a  Thread  may  lie  and 
flay  in  it  without  flipping, 

2.  When  things  are  thus  fitted  you  are  firfr  to  projefl  each  of  the  di¬ 
rect  Hours  feverally  (by  help  of  the  dired  Axis,  and  of  the  Hour  Points 

upon 
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•upon  the  Horizontal  Thread  j  upon  the  Pofts  of  the  Window.  Tiie  wav  is 
by  repofingthe  Knot  (of  that  Hour  you  would  projecl)  upon  the  Thread-  ' 
Axis,  and  then  your  Eye  (limited  to  that  pofture)  will  projed  the  Axis  (or 
the  fore-faid  Hour)  upon  the  Window  Ppfts.  Of  which  appearance  or  Pro- 
ieidion  of  the  Axis,  take  notice  of  that  Point  only  upon  the  Window  Tides 
which  is  neared:  to  the  extremity  thereof,  or  which  looketh  mod:  ’ 


Upon  the  Pole  laid  without  the  Win¬ 
dow,  in  that  point  of  the  Poll  fallen 
a  Nail. 

Upon  that  Nail,  at  the  very  en¬ 
try  of  it  into  the  Pofb,  hang  a  Thread, 
and  put  the  fame  Thread  upon  the 
out-fide  of  the  Stick,  or  Pole  that  is 
laid  without  the  Window,  and  fo 
turnit  under  again,  and  bring  it  into 
the  Window’,  where  you  may  hang 
fome  fmall  weight  at  the  end  of  it  on¬ 
ly  to  keep  it  ftrait. 

4.  Set  your  Eye  again  in  the  felf- 
fame  Podtion,  or  Pofture  that  it 
had  before,  that  is,'  let  the  Axis  be 
repofed  again  upon  the  Point  where¬ 
in  the  Nail  was  driven,  and  on 
which  the  Thread  now  hangeth,  and 
keeping  your  Eye  fixed  there,  remove 
the  Thread  which  goes  about  the 
Stick,  until  you  fee  it  juftly  dole 
with  the  Axis,  and  when  you  have 
fituated  the  Thread  in  this  Pofition, 
let  it  Hand ;  for  now  the  Center  of 
the 


Upon  the  extremity  or  not  ch  of 
the  Stick  lying  without  the  Win¬ 
dow,  there  in  that  Point  of  the  Poll 
fallen  a  Nail. 

T  Upon  the  Nail  (where  it  en¬ 
ters  upon  the  Poll;  hang  a  Thread 
and  put  the  fame  .Thread  into  tlie 
Notch  at  the  end  of  the  turnint^Stick 
and  hang  fome  little  weight  at  the 
end  of  it  only  to  keep  it  fti  ait.  I'hus 
IS  there  a  Tliread  extended  from  the 
Nail  to  the  end  of  the  Stick. 

4.  Set  your  Eye  again  to  the  fame  . 
pofture  that  it  was  before,  that  is  to 
lay,  iepole  the  Axis  again  upon  the 
Point  wheieon  tiie  Nail  w^as  driven 
and  whereupon  the  I'hread  now 
hangeth,  and  keeping  your  Eye  fix¬ 
ed  there,  turn  the  moveable  Stick  in 
tli^e  Notch  whereof  the  lower  end 
of  the  Thread  rideth  ;  turn  it,  Ilhv 
until  the  whole  Thread  fall  iulllv 
in  with  the  Axis  j  and  when  you 
have  fituated  the  Thread  thus,  kt  ic 
hand;  for  now  the  Center  of  thp 


Glafs  and  this  newly  fituated  Thread  do  lie  in  the  Sunerficies  of  that  Hon,- 

winch  you  are  ab^,t  toprojea;  and  confequently  w'herekr  ?he  Sun  is  h 

the  plane  of  that  Hour,  then  will  the  lliadnw  nf  i-i.p  tm  j  r  if  «  , 

fl  *  T  hich  ■  is  the  Ground  of  the  whole  WoIt' ofllf 

fleaion,  which  now  followeth :  Let  tliis  be  called,  The  DMg  Thfeaf 


SECT.  IV. 


Of  Refleaing  the  Hour-Lines  from  the  Hour  Thread 
'  to  the  Cteling, 


"f  .!«  Di,.a  Thre.,!. 


let 
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Jet  the  lengtli  of  it  be  fuch  as  may  reach  to  the  Stool  of  the  Window,  or 
any  other  Stool  fet  for  the  purpofe  in  the  way,  upon  the  edge  whereof  this 
Refle6fing  Thread  may  be  flayed  from  wavering;  and  for  more  (lability, 
hang  a  Weight  at  the  end  of  it. 

2.  Upon  the  fame  head  of  the  Wire,  tie  another  Thread  ,  and  let  it 

hang  loofe  by  you,  until  need  fliall  call  for  it  ;  call  this  ,  The  Frojeciing 
Thread,  , 

3.  Look  now  into  the  Refle8:ing  Glafs ,  until  you  fee  the  Projefting 

Thread,  which  if  you  have  once, or  twice  tryed,  you  wdll  eafily  find  with¬ 
out  long  looking.  And  when  you  do  fee  it,  carry  your  Eye,  according  to 
the  length  or  cc-urfe  of  the  Thread,  ftill  keeping  it  in  your  Eye,  until  you 
have  brought  your  Eye  as  much  over  the  Reflefting  Glafs,  as  conveniently 
you  can ;  and  then  alfo  fee]  that  your  Eye  lay  the  Hour  Thread  juft  in  the 
Center  of  the  Glafs.  When  this  is  done,  move  the  Reflefting  Thread  till 
you  can  percieve  it  to  lie  juftly  betw^een  your  Eye  and  the  Glafies’s  Center; 
and  likewife  the  ciireG:  Thread  appearing  in  the  Glafs;  that  is,  let  all  be 
done  fo  juftly,  that  your  Eye  may  at  once  fee  all  thefe  three  juftly  toge¬ 
ther  in  one  Point,  namely,  the  direffing  Thread  ( reprefented  in  theGlafsj 
the  Rdie(Ting  thread,  and  the  Center  of  the  Glafs;  and  when  you  fee 
them  all  three  together,  hold  your  Eye  as  far  oft'  as  you  can,  that  they  may 
appear  in  more  exadnefs ;  then  let  the  Reflecting  Thread  reft  againft  the 
edge  of  fomc  Stool,  fet  for  that  purpofe  and  bring  the  Hipping  Knot,  that 
it  alfo  may  juftly  (to  your  fight)  lie  upon  the  Glaflfe’s  Center,  and  the  re¬ 
prefented  DireCfing  Thread :  and  fo  let  them  re(f .  '  ‘ 

4.  Then  take  the  Projecting  Thread,  and  [draw  it  out  to  the  Cieling, 
fo  as  it  may  touch  the  flipping  Knot  before-mentioned  ;  and  when  it  doth 
fo,  note  in  what  Point  it  toucheth  the  Cieling  or  Walls,  &c.  of  the  Room. 
Note  that  Point  (I  lay)  for  one  Point  (of  the  former  Directing  Thread) 
Reflected. 

5.  As  in  the  laft  5  Section,  fo  in  this  place  again  ,  look  for  the  fame 
Directing  Thread  in  the  Glafs,  and  follow  it  down  till  your  Eye  corneas 
low  (I  do  not  mean  near)),  to  the  Glafs  as  you  can  ;  and  keep  the  repre-' 
fented  Thread  upon  the  Center  of  the  Glafs  :  Then  bring  the  Reflecting 
Thread  betwixt  your  Eye  and  the  Glafs ;  and  move  it  and  the  flipping 
Knot  upon  it  until  your  Eye  (at  a  good  diftance  offj  can  fee  this  Knot,  the 
Center  of  the  Glafs,  and  the  reprefented  Thread,  all  three  juftly  together, 
one  upon  the  other.  And  then  fix  your  Reflecting  Thread. 

6.  Afterwards  take  the  Projecting  Thread,  and  byftt  (as  in  the  laft  4th 
Section)  projeCt  the  Point  or  flipping  Knot  up  or  down  to  the  Cieling 

or  Walls,  or  Floor  of  the  Room  ;  fo  fhall  you  get  a  fecond  Point  (of  the  ' 
fame  Directing  Thread)  Reflected. 

7.  Then  having  two  Points  of  one  Hour  found  out,  you  may  extend 
your  projecting  Thread  to  one  of  them,  and  with  your  Eye  repofe  the 
Thread  upon  the  other  of  them  ;  fo  fliall  the  appearance  of  the  Tliread  give 
you  all  the  Points,  through  which  the  Reflected  Hour  Line  muft  be  drawn. 
And  by  this  manner  of  Work,  the  fame  Reflected  Hour  may  be  continued,- 
or  carried  quite  through  the  Room. 

8.  In  the  fame  manner  all  the  other  Hours  muft  be  drawn  feverally. 
Firft,  They  muft  be  fet  or  projected  direCtly  into  the  Thread  Hours,  called, 
The  DireUir.g  Threads  (as  in  the  ^\hSe6i,oi  the  Illd.)  and  afterwards  from 

M  m  m  m  thence 
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CHAP.  Vllf. 


i 

How  the  former  Precepts  are  to  be  apply  d  to  Windows 

.  looking  Northward.  ■ 

^  ^  / 


A' 


Glaft  upwarfs  wkhou?  the  RoSTnot' withiTS,  did)°Th‘’’^ 

muft  therefore  fometh  ns  be  fet  un  tn  rerp',,,,.  .v  -i  •  There 

.1..  C..„,f  .be  GM.  .5l."wS  K".";*'  "  »”<  <■« 

en.’-<li«'Se’'"or  'S“£  «' 

Horii;3®TtoX";„?.Ve  t'  "1»"  *' 

»)  of.be  A*.  6i.i  .K  H« 

os  o.mel,,  «p.„  .bePole  .ba.  wa,  laij  "pJ^-JoK  .Seit  ir  ‘S'711'' 
Work  you.may  do  either  of  thefe  two  ways :  ^ 


ivr// 


Second  Way, 


Make  Marks  only  upon  the  Pole  Thp  wr^rh  '  r 
for  each  feveral  Hour,  and  when  make  ^ame  as  before  to 

they  are  all  Marked,  tie  a  Thread  fevi'ai^Hnnr.^^^'^K-^^u  ^ 
to  the  top  of  the  true  Direct  Axis  von  ^ 

or,  take  the  true  Direct  Axis  it  felf  mai-ka  r  ^pfet  the  Pole,  and 
(or  Pole  of  it)  and  then  ftretch  that  P  the  Room : 

Thread  to  anf  of  the  fortLSfnSed  S  eaTpofn^ r°'^-.Then 
Points;  the  fame  Thread  fliall  re-  the  Rnn.-n  Pole  into 

prefent  each  Direct  Hour,  according  pIk  R  fl’  Hour- 

^  It  isapplyed  to  each  fuch  Poinf  Thread  to^the  Refl  a 

Thefe  are  the  Direct  Hours,  and  therftretch  tL  r  Pok 

ject  this  mead  upon  the  Giafe 
Center  fo  lhall  the  Thread  fhew 

1!..  iffon..  of  .hefeP  ' 

focanno.be  Reflec.ed)  ihmffl,' a'raTOi'Tl" 

to  any  fuch  Hour-  and  Ho  fnr^i.  ^  -P^tect  Thread  from  the  true  Pole 

Nortft  Windowra’re  cS4°leated  fo  Sc 
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Note.,  In  (lead  of  the  3d.  Section  of  this  Direction  where  you  are  preferi- 
-bed  to  la*y  Ibme  fmall  Pole,  you  may  nail  down  a  fmall  Stick,  or 
V/and,  upon  the  Stool  of  the  Window,  as  is  before  preferibed  Sect.  3. 
Num.  I,  of  South  Windows.  . 


CHAP.  IX. 

I  • 

% 

How  to  make  Ea§i  and  We§l  Dials  to  ajlope  Olafs  u^on 

any  Walls  or  deling. 

THefe  Windows  that  look  near  to  full  Eaft  or*Weft,  cannot  have 
any  Direct  Axis  extended  as  other  (North  and  South)  Windows 
have,  becaufe  the  Polls  of  the  Window  will  Hand  in  the  way,  fo 
is  this  here  added,  that  the  Horologiographer  fhould  not  be  left  deftitute. 
And  now,  although  no  Axis  (either  Direct  or  Reflected)  can  be  extended, 
yet  the  Direct  North  Pole  may  be  found  (and  then  the  Dial  madej  in  this 
manner : 

I.  Having  fet  the  Horizontal  Thread  within  the  Room,  even  with  the 
Center  of  theGlafs,  make  an  Obfervation  of  the  Azimuth,  as  is  before  dire¬ 
cted  in  South  Windows. 

2.  Then  amongfl:  many  ways  take  this.  Stretch  a  Thread  from  the  Cen* 
ter  of  the  Glafs  to  the  Knot  of  the  Azimuth,  ty’d  in  the  Horizontal  Thread; 
this  Thread  fo  ftretched  fliall  reprefent  the  obferved  Azimuth.  Or  if  you 
cannot  (becaufc  of  fome  hinderances  that  lliall  lie  in  the  way)  ftretch  out 
a  Thread  in  that  manner,  lay  on  juft  over  thofe  two  Points  (of  the  Glafs 
and  Plorizontal  Thread)  and  let  it  alfo  be  equidiftant  from  them  both, 
which  you  may  do  by  your  Compafles.  ' 

3.  AlTume  fome  one  Point  of  this  Azimuth  Thread  for  a  Center,Txing 
fome  firm  Point  there,  and  call  that  Point  the  Center.  Then  upon  Paft- 
board  C or  fuch  like)  protract  the  Azimuth  and  ( the  North  or  South  part  of) 
the  Meridian,  or  the  Angle  that  is  made  between  them.  Afterwards  lay 
the  Center  of  this  Angle  upon  the  fixed  Center  before  mentioned,  anddh 
rect  one  of  the  Legs  of  the  -Angle  under  tlie  forenamed  Azimuth  Thread, 
fo  fhall  the  other  Leg  of  the  Angle  (if  you  hold  it  right,  which  your  judg¬ 
ment  will  ealily  direct  you  in)  defign  where  the  Meridian  fhall  be,  which 
project  upon  fome  Object  (as  Cieling  or  Walls)  as  the  manner  is,  upwards 
to  the  North  Pole. 

4.  In  this  Meridian,  with  your  Semi-Circle,  find  the  Pole,  and  (from 
the  fixed  Center  to  it)  extend  an  Axi^ :  This  Axis  is  parallel  to  that  which 
fhould  go  up  from  the  Glafs. 

5.  Above  and  below  this  Axis  ftretch  another  Thread  Parallel  to  it,  at 
a  good  diftance,  which  to  do,  there  are  many  ways  [as  fee  the  Lemma  after 
thefe  Precepts]  which  now  I  fuppofe  known;  fo  that  now  you  have 
two  Axes,  by  which  you  fhall  find  the  true  North  Pole  to  the  Cen¬ 
ter  of  the  Glafs  (though  you  cannot  extend  an  Axis  from  thence)  namely 
thus: 

6.  Repofe  (with  your  Eye)  one  of  thefe  Axes  upon  the  Center  of 
the  Glafs,  and  mark  where  it  jftiadoweth  upon  fome  fit  place  to  receive 

the 
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the  Pole  (a  good  way  from  the  Glafs,  and  if  there  be  nothin^  to  re- 
ceive  ir,  fet  up  fomething)  there  draw  a  Line.  Then  repofe  the  other 
Axis  upon  the  Center  ot  the  Glafs,  and  mark  where  it  feemeth  to  crofs 

die  former  drawn  Line,  that  eroding  is  the  North  Pole  to  the  Glaffe’s 
Center. 

7-  Then^.aving  found  the  Pole,  fallen  a  Thread  at  it;  and  without 
the  Window  lay  a  Pole  as  before  fhewed,  as  low,  or  lower  than  the  Glafs 
1  he  work‘that  now  remains,  is  to  fet  Hours  without  the  Window  thatfo 
they  may  from  thence  be  Reflected  into  the  Room.  ’ 

8.  Take  the  Pole  Lhiead,  and  lay  it  to  one  of  the  Hour  Points  upon 
the  Horizontal ,  and  repofe  it  witli  your  Eye  upon  the  Glafle’s  Cen¬ 
ter,  that  fo  through  this  projecting  Thread  you  may  at  once  fee  the  Knot 
upon  the  H^onzontal  Thread,  and  the  Center  of  the  Glafs.  In  this  Propo- 
firion  the  fliadow  of  the  1  bread  will  Project  two  Points,  one  upon  the 
Barrs  or  1  oils  of  the  Window,  and  the  other  upon  the  Pole  that  lies  with¬ 
out.  You  may  fo  ffretcha  Thread  from  thefe  Marks,  and  that  Thread  fhall 
be  the  diiect  Houis  without  the  Window;  and  you  may  try  whether  you 
have  fet  it  true  by  the  Pole  Thread  applied  again  to  the  Hour  Point  in  the 
H(^izontal  1  hi  ead.  When  the  direft  Thread  is  thus  placed,  you  may  Re- 
fled  it,  as  hath  been  before  fliewed.  ^  ^ 

LEMMA. 

How  hy  having  one  Thread  extended  in  the  Air^  to  fet 

another  Parallel  to  it, 

FIi  ft  projed  the  Radiation  of  the  handing  Axis,  that  way  that  you  mean 
to  fet  up  your  new  Axis;  then  in  that  Radiation  let  two  Threads  be 
extended  touching  the  Axis  both  of  them,  and  both  making  AniTles'witli 
the  Axis  (the  nearer  Right  Angles  the  better)  and  both  hidden  in  the  for- 
mei  Radiation  and  both  faftned ;  lo  thefe  two  I'hreads  do  keep  both  in  one 
Plain,  and  both  in  the  fame  Plain  with  the  Axis;  and  the  new  required 

new  Tlire/rff  '  *  Wherefore  extend  arlother 

new  1  bread  for  a  new  Axis,  which  may  touch  thefe  two  Threads  always- 

and  in  that  touching  Pofition  try  with  your  Compalfcs,  until  you  find  it 
equidiftant  from  the  other  Axis.  You  may  help  your  felf  by  fetting  any  fo- 
id  that  may  touch  the  firfl:  Axis  towards  each  end,  in  a  Point  where¬ 
on  the  foot  of  theCompafles  may  fland  without  quaverino-,  and  fo  eafilv 
try  whether  and  when  the  new  Axis  is  Paraliel  to  it.  ^ 

Another  way  to  fet  an  Axis  ju§l  under  or  ever  the  fir§l. 

"^^^teads  towards  both  ends,  that  may 

swli^p-n?!  A  upon  them,  in  thole 

i  units  ^''hejein  they  do  touch ;  then  put  two  more  flipping  Knots  at  one  or 

ny  equal  diflance  below  or  above  thofe  two  flrfl:  Knots :  And  when  this  is 

done,  let  the  two  Perpendicular  Threads  hang  at  liberty,  and  quietly  If 

AG.  pSi  Threads,  the  fame  extended  Thread  fliall  be  another 
Axis  Paralld  to  the  former.  And  this  (as  I  faid  before)  muff  needs  lie  juftiv 
above  or  jufliy  below  the  former  Axis,  Ld  will  do  the  bufinefr  ^  ^ 

CHAP. 
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!  .  ’ :  .r. 

If  a  Flat  Reflecting  Glafs  Jhoiild  by'itiijha^  he  put' qut  :  ‘ ^ 
of  hi^  place^  howto  refiore  it  again, 

r  i  ^ Hough  I  fpeak  only  of  Flat  GlafTes^  yet  I  intend  to  direft  how  fucli 
'  B  a  Flat  Glafs  may  be  reftored  to  its-  tiaie  ‘Pofitionj  whether  it  be 
^  JL--'  to  lie  Flatly  Or  Obliquely.  One  may  be  thus :  ‘i-  .  n;  ,  :  ; 

'  Becanfe  fuch  Glaifts  lie  moil  ^Commonly  in  Wiiidows/.or’  ftiGh  places,  ' 
you  may  fo,  ("when  your  Hours  are  drawn  -upon  the  Cieli'ng^  or  other¬ 
where)  Ifretch  a  Thread  from  the  Glafs  to  any  one  Hour^  andithen  with 
your  Eye  projeft  the  fame  Hour  Line,  or  one  Point  of  it.  (if- it  be  not  fo 
done  before)  upon  fome  other  Objeft  then  is  the  Cieiing,'  fuch  namely^  as 
Rand  either  Perpendicular,  or  at  fome  fenfible  Angles  to- the  Cieiing  ' 
or  Superficies  upon  which  your  Hours  are  drawn  (as  the  Glafe  or  Poftso^f 
the  Window)  and  make  fome  mark  of  this'Proje^ion,  with  fome  Sign^  or 
Note  upon  it,  or  Figure,  that  you  may  afterwards  know  again,  to  what 
Hour  it  belonged! ;  fo  do  with  fome  other  Hours  alfo,  that  is,  two  or  three, 
or  four  Hours  diftant  from  the  former ;  fo  fliall  you  (by  the  forefaid  Hours,' 
and  their  Marks,  now  mentioned)  be  able  to  refiore  the  Glafsj  if  it  were 
taken  away.  In  this  manner :  . 

By  the  two  Flotlrs,  and  their  two  Marks,  you  may  find  the  refleflied 
j^xis  again,  by  which^dl'^^  Hours, were,  or  might  have  been  proje6led  at 
the  firif ;  for  two  Threads,  being  firflfaflned  to  the  two  Hours,  and  thefe 
Marks,  you  may  from  thofe  Hours  (and  by  their  two  Threads,  clofely 
touching  them)  flretch  out  two  other  Threads,  and  where  they  (upon  thofe 
conditions  of  touching  tlic  two  new  extended  faflned  Threads,  fhall  in- 
terfecl  one  another,  there  is-onc  Point  of  the  Reflected  Axis,  and  there  is  fome 
fet  Mark  or  -Point  of  Wood  to  be  for  a  time  fixed.  So  again,  the.  fame  two 
Threads  in  thefatne  manner  ei^tended,  totouch  tWo'dthef  paTt§^of  the  firfl 
faflned  Threads  fliall  find  another  Point  of  the  Reflected  Axis,  at  which 
Point  again,  another  Mark  or  Point  of  Wood  is  to  be  faflned.  This  pro¬ 
jecting,  or  re-finding  the  reflected  Axis,  may  be  done  other  ways  (as  by  the 
Eye)  which  they  that  have  practifed  thefe  Precepts  in  this  Rook,  will  be 
ready  of  themfelves  to  find  without  any  more  Directions. 

Now  in  any  part  of  this  refle£i:ed  Axis  (with  a  Thread  extended  from 
the  two  fore  fixed  Marks,  or  Points  of  Wood  quite  along,  as  far  as  is 
needful  will  fhev/)  you  may  fix  the  Glafs  again:  I  fay  in  any  part  of  it, 
if  your  Dial  have  nothing  but  hours  in  it,  but  if  it  be  furnifhed  with 
other  Circles  of  the  Sphere,  then  not  any  Point  of  the  Axis,  but  one 
only  Point  where  it  flood  before,  mufl  be  found  again,  for  that  only 
will  ferve  all  turns :  And  the  readied  Directions  to  find  that  Point  will  be 
this:  .  ,  .  . 

If  your  Dials  befurniflied  with  Parallels  of  the  Length  of  the  day,  count 
that  Parallel  which  is  equal  to  the  day’s  length,  in  which  you  would  refiore 
the  Glafs,  for  along  that  Parallel  fhould  the  fpot  of  Light  move  all  that  day:- 
Wherefore  you  have  no  more  to  do  but  to  prepare  a  Glafs,  and  move  it  to 

N  n  n  n  and 
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and  fro  upon  a  fmall  bit  of  Wax,  till  the  fpot  of  Light  be  Reflected  upon 
the  faid  Parallel  of  the  length  of  the  day,  and  there  fix  it.  The  like  may 
be  done  if  the  Parallel  of  the  Signs  ( and  not  the  length  of  the  day)  were 
•  inferibed  upon  your  Cieling.;  it  firft  by  the  Planifphere  you  find  in  what 
Parallel  the  Sun  is  upon  that  day  in  which  you  intend  to  reftore  your  GlalL 
But  if  neither  the  Parallels  of  the  length  of  the  day,  nor  the  Parallel  of  the 
Sun’s  courfe ;  but  the  Azimuths  ('or  only  the  common  Hours)  be  upon  the 
Cieling,  yet  you  may  help  your  felfthus.  At  fome  convenient  time  of  the 
day  find  oy  the  Planifphere  what  Altitude  theSun  fhall  have  upon  that  A- 
zimuth  or  Hour,  on  the  day  you  intend  to  reftore  the  Glafs,  then  (^fore 
that  time  of  the  day  come)  extend  a  Thread  from  the  place  w  here  the  Glals 
is  to  reft,  to  fome  part  of  that  Hour  or  Azimuth,  for  which  you  have  be¬ 
fore  computed  the  Sun’s  Altitude,  moving  of  it  backward  or  forward  along 
*  the  laid  Azimuth  or  Hour,  till  the  Thread  and  Plummet  of  the  Semi-Cir¬ 
cle  being  apply’d  thereto,  hangs  upon  the  Altitude  before  found;  and  where 
your  extended  String  refteth  upon  the  Azimuth  or  Hour,  make  a  Mark; 
and  obferve  diligently  when  the  Sun  comes  to  that  Azimuth  or  Hour : 
Then  move  the  Glafs  in  its  place  to  and  fro,  till  the  fpot  of  Light  be  Re- 
flefled  upon  the  Point  before  found,  upon  the  Azimuth  or  Hour ;  and  there 
fixtheGlalk 
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The  End  of  the  Eleventh  TRACTATE 
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SHEWING,  '  / 

The  Way  to  Draw  all  mannerof  D/ilL5,  which  (hall  (hew 
the  Hour  by  a  Spot  of  Light,  RefleSed  from  a  Glafi  upon 
any  deling^  or  other  Obj/fB  whatfoever,  without  any  re- 
fpeft  had  to  the  oL  the  World,  eitherPROJE- 
C  T  E  D  or  R  E  F  L  E  C  T  E  D. 

A  s  A  L  s  o. 

Whether  the  Glafs  lie  Parallel  to  the  Horizon  or  Oblique 

unto  it. 

TOGETHER 

Will  all  neceflary  FUB-^ITURK  belong¬ 
ing  thereunto. 

All  performed  by  an  eafie  Instrument  fitted 

with  Lines  to  tfiat  purpofe. 

J  O  H  N  T  W  Y  S  D  E  N,  M.  D.  C.  L. 

m  —I  . .  I  ■  "  ■  ■■  ■■■■  '  ' 

The  Twelfth  r  R  J  C  T  J  T  E. 

* .  '  . . .  i.  ■  ■  i  '  ■  ■■  ■■  iWMBMBBMMWMMllar 

t  ^  C  H  A  p’  1. 

The  Defcription  of  the  Infirument. 

Let  there  be  a  ftrait  Ruler  of  Wood  or  Brafs  made,  as  AG,  the[ 
length,  breadth,  and  thicknefs,  at  Difcrction  :  About  the  niiddid 
of  It,  or  nearer  to  the  end  A,  let  the  hollow  B  be  made  large  c- 
nough  to  compafsa  Socket  of  Brafs,  into  which  the  Glafs  muft  be 
fitted,  and  fo  that  the  fiducial  edge  ABC,  may  be  imagined  to  pafs  thro’ 
the  Center  of  the  Glafs,  when  it  is  fixed.  On  the  other  fide,  as  at  F,  may 
be  made  another  hollow,  like  htat  at  B,  to  the  end  you  may  ufe  either  edge 
of  the  Ruler,  as  occafion  'may  ferve ;  to  the  end  of  this  Ruler  muft  be  added 
another  at  right  Angles  CM,  made  moveable,  yet  fofupported  by  a  Bracket 
E,  behind,  that  it  may  ftand  fteady  at  right  Angles,  and  unto  this  let  there 
be  fitted  a  flipping  Socket  with  a  fiducial  edge  hi',  let  the  piece  CM  be  di¬ 
vided  as  a  Tangent  Line  to  the  Radius  B  C,  and  of  that  length  that  it  may 
contain  about  47,  or  48  degrees,  which  you  need  not  divide  beyond  45. 
On  the  other  fide  KM,  to  a  ftiorter  Radios,  let  the  Tangent  Line  be  con¬ 
tinued 
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tmued  to  64  <degrees,,-or  tliei-e^boats,  >vhicli  will  be  far  ennncrli  '  n. 
pialsjot  ^h,s.klnd>^  thc^^vho^e  i-eprefcritirig  two  fides  of  a  Reftaifcrular 
Itllogiam,  or  Carpenters  Square, ‘die  one  Leg  longer  than  rhn'’  1-1^ 
which  by  the  Figure  annexed,  iseafily  underftood  ^  ^ 


0,!.'  .. 

•j't  yn:;  h.',  , 

■:  [ b  nireeeptsfir-the  Readj/.Vfe  of  thk  Injirument. 

FIrft,  in  the  place  whereyou  intend the'6lifs lhall  lie,  makefaftfome 
piece  of  Wood  or  Lrafs,  ,exaa:ly  Horizontal,  unto  which,  you  mav 
joyn  fome  other  large  piece  of  Board,  Paft-board,  or  othei-  it  Zt-' 

teis  n^  fops,it  be  made  to  ftapd  firm  and  Horizontal,  till  the  Dial  lhall 
be  finiffied,  and  then  taken  away.  .  '  '  ’  .  :  /  ■  ' 

Secondly,  Having  upon  any  part  of  your  fixed  piece  of  Wood  made  a’ 
Mark,  over  which  precifely  lhall  be  the  Center  of  your  Glafs  •  uwn  thk' 
Maih  a$  a  Centeiv^fcribe  a  Grcle  as  isAccelTary,  toa^arsca 

vadius  aa  the  Paft-board  will  give  way,'  and  then  the  Sun  fhining,  hold  un' 
a  Thread,  fo  that  the  iliac^w  bt  it  paay  through  the  Center  of  your  Cir- 

c  e,  and  mark  where  It  cuts  the  Cricumferehce,  and  at  the  fame  inftanr 

find  his  Azimuth,  either  trigonometrically,  or  by 
f^e  Aftrolabe:  of  all  projeaions  bt  tlii  Sphere,  I  knowmoiie  fo  exad  for 
the  performance  ot  all  things  neceftauy,  for  thamaking  thefe  Dialls  and  the 
folutionofall  other  Aftionomicalt'roblems,  aUhat  commonly  ca’lled  B/a^ 
grave  s  Jewel,  now  put  out,  every  way  much  amended  and  altered  by  Mr/ 
Jom  1  aimer ReTtbf  oi  Elton  in  North amptonjfjire^  my  eipeciai  Friend. 

Thirdly,  leaving  found  his  Azimuth,  fetoft  now  the  South  orEaft  Line’ 
by  help  of  a  Scale  afChord!s  liiad^  to  the  Radius. of  ybtir  formerly  deferibed 
Ctrok^wwftl  take  the  Example  of  an'Eaft  Dial:  As  for  Example,.  In  die 
.Latitude  of  52  deg.  15  min.  I  obferved  in  the/Tropick  of  Career  the  Sun’s 
^  Aftrolabe  I  find  his  Azimuth,  then  from 

the  Laft  01  fix  of  Clock  Line  19  deg.  or  71  deg.  from  the  Meridian  or 
Midnight  Line  Northward,  but  bccaufe  in  this  Example  the  xMeridian  could 
not  be  exprefted,  Ifet  oft  19  degrees  upon  my  Circle  to  the  riaht  Coaft 
^^^^'ough  the  Center  draw  a  Line  which  foall  l  eprci'ent-the  Eaft 

I  ^ 

Fourthly,  Your  Eaft  or  Meridian  Line,  if  it  may  be,  being  thus  drawn  have  * 

or  by  Trigonometry  find  thefe  enfuing  things. 

11  it,  for  all  neceftary  Hours  which  will  come  upon  the  Dial,  find  the  Sun’s 
Azimuth,  and  like  Wife  what  Altitude  it  hath  m  that  Hour  and  Azimuth* 
do  this  for  the  Tropick,  the  Horizon  (in  Dials  made  to  Oblioue  Glaffes'y, 
the^Hquinoaial,  or  for  as  many  of  the  Sun’s  Parallels  as  you  pleafe ;  I  have 
made  choice  of  the  Diftance  upon  the  Horizon,  and  Tropick  of  Cancer,  for 

rfprwJf.  d""  becaufe  the  Hours  wip  be  ftrait  Lines  o- 

tn  rwiie  it  the  Koot  be  concave,  convex  or  any  way  u  even,  it  will  require 
the  finding  ot  more  points  *,  write  thefe  down,  as  in  th^  Table  eniumg. 
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CHAP.  IV.  . 

) 

How  to  faflen  the  Glafs  and  draw  the  Hours. 

•  / 

HAving  gone  thus  far,  your  next  work  v/ill  be  to  faften  your  G lais  in 
its  Socket,  to  what  Obliquity  you  pleafe,  at  adventure,  and  fo  to 
order  all  things  that  the  Center  of  of  your  Glafs  may  be  direfily  o- 
ver  the  Center  of  your  formerly  defcfibed  Circle,  and  the  height  of  the 
Center  of  your  Glafs,  equal  to  the  thicknefs  of  your  inftrument;  fo  that  the 
hollow  part  of  the  Ruler  encotnpaffing  the  Socket,  the  fidpcial  edge  may 
pafs  through  the  Center  of  your  Glafs,  which  you  may  mark  with  a  little 
fpeck  of  Ink,  till  your  Dial  is  done. 

-  The  Hours  are  to  be  Drawn  in  this  manner :  Fkff,  get  the  Points  where 
the  Hour  Lines  fhall  cut  or  touch  the  Plorizon  in  the  Cieling,  by  which 
Points  the  Horizon  it  felf  may  at  the  lall  be  drawn.  Thefe  Points  you  fliall 
get,  as  in  this  Example  in. the  Latitude  of  51  deg.  00  min.  when  the  Sun 
rifeth  at  Four,  I  find  by  the  Table  annexed  in  the  Column  belonging  to 
that  Latitude,  that  his  Amplitude  or  Diftance  from  the  Eaft  Northward, 
is  57  deg.  19  min.  Place  therefore  the  Radius  of  your  Inftrument  to  that 
Amplitude  or  Azimuth,  rharked  before  in  your  Circle  upon  the  Horizontal 
•  Board  ;  and  the  Socket  being  fet  to  the  Sun’s  Altitude,,  which  is  60  deg.  00 
min.  obfervc,  with  your  Eye,  where  the  fiducial  edge  of  the  Socket,  in 
the  point  of  interfeTioa  with  the  Altitude,  will  be  reflecled  from  the  mid¬ 
dle  of  the  Glafs,  which  you  fhall  find  always  in  the  fame  Azimuth,  if  the 
Glafs  be  Horizontal ;  but  it  the  Glafs  be  Oblique  to  the  Horizon,  the  Re- 
fieTion  will  fwerve  toward  the  Pole  Zenith  of  the  Glafs,  more  or  lefs,  as 
the  Obliquity  is.  Hang  a  Thread,  or  faftenit  in  any  place,  fo  that  holding 
it  between  your  Eye  and  the  Glafs, it  may  catch  this  refle£ted  Socket  where- 
ever  it  comes,  and  where  it  cuts  tlie  Thread  tie  a  flipping  Knot.  Now  a 
Thread  extended  from  the  Center  of  this  Glafs,  by  this  Knot  to  the  Cieling, 
fhall  touch  the  Point  where  the  Hour  Line  of  Four  is  to  cut  the  Horizon^ 
In  like  manner  you  fhall  find  the  Points  for  5, 6, 7,  8,  if  need  be ;  and  if  you 
will  alfojfor  9, 10,  it,  and  12,  working  by  the  Amplitudes  of  the  feveral 
Hour  Lines,  as  you  did  by  the"  Amplitude  of  Four.  A  Line  drawn  through 
thefe  Points,  fhall  reprefent  the  RefleTed  Horizon,  if  you  fhall  have  a  de- 
fire  to  draw  it. 

Then  laftly.  Go  to  your  Table  for  the  Tropick  of  Cancer.^  and  in  the 
Azimuths  marked  in  your  Circle,  and  belonging  to  every  Hour  you  in¬ 
tend  to  draw,  place  the  Radius  of  your  Inftrument,  as  before  you  did  for 
the  inrerfedfions  of  the  hours  with  the  Horizon,  and  move  the  Socket  in 
the  upright  Ruler  of  your  Inftrument  to  the  degree  of  Altitude  belong¬ 
ing  to  that  hour  you  intend  to  draw,  which  you  fhall  find  in  your  Table 
calculated  for  the  Elevation  of  the  Pole,  from  50  deg.  to  56.  deg.  and  with 
your  Eye  RefleO;  it  by'  help  of  a  Thread  hung  up  any  where,  and  held 
between  your  Eye  and  the  Glafs  in  the  fame  manner  as  you  did  the  Re- 
flefted  Horizon ;  and  where  a  Thread  extended  from  the  Center  of  the 
Glafs  by  the  Knot  touches  tlie  Cieling,  that  is  the  Point  for  that  Houiy  and 
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a  Line  drawn  from  thence  to  its  correfpondent  in  the  Horizon  ftiall  re 
prefent  the  Line  where  the  Reflefted  fpot  of  Light  will  be  fo’r  all  the 

■  -r  kf  ‘he  Latitude  of  51  deg.  00  min.  I  find  bv  mv 

Table  that  the  Sun’s  Amplitude  dr  Azimuth  from  the  Eaft  Northw/rd  in 
the  Tropick  of  $  is  57  deg.  19  min.  at  the  hour  of  Four.  There  I  place 
the  Radius  of  my  Inftrument,  and  move  the  Socket  to  i  deg.  i  ?  miii  the 
Sun  s  Altitude  in  that  hour,  then  the  Inftrument  remaining  in  this  fitu! 
ation,  I  reflea  the  Socket  as  before  was  Ihewed.  This  you  muft  repeat 
foi  fuch  Hours  as  you  intend  to  draw,  and  finilh  your  Dial  if  you  think 

Note  Uqien  you  cannot  readily  find  the  Image  of  your  Socket,  in  the 
Glafs,  being  narrow,  you  {hall  lay  a  broader  piece  upon  the  narrow¬ 
er,  and  hainng  found  it  in  the  broader  (which  will  foon  be  done) 
keep  your  Eye  upon  it  till  fome  body  remove  the  broader  Glafs 
and  you  fhall  eafily  find  it  in  the  narrower,  for  there  about  it  will 


Note,  alfo.  That  if  you  find  not  ’your  Latijude  in  the  Tables  you  muft 

f  manner :  Suppofe  I  defire  to  draw  a  Dial 

mthe  Latitude  of  51  deg.  je  min.  and  would  find  where  the  Hour  of 
Four  interfeifts  the  Horizon;  I  find  not  that  Latitude,  but  find  so  detr 
00  min.  and  5 1  deg.  00  mm.  In  50  deg.  00  min.  I  find  the  Amplkude  at 

ii-  °  51  deg.  00  min.it  is  jy  deg!  10  mfo 

t leii  difference  k  5  min.  Therefore,  As  i  deg.:  to  5  min.  : :  So  52  mm  •  to 

^ii^dudled  out  of  the  Amplitude  belonnin<^”to 
t^he  ^titude  of  50  d.  57  24  lhall  give  you  5.7  d.  21  min.  20  fee.  the  Am- 

&d“the VamTthi'ng  ’  of  5 1  d.  00  m.  you  lhall 
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CHAP.  IV. 

Of  the  Furniture  of  Dials. 


T^ns^of  Jh  Declination,  of  Altitude,  the  Azimutlis,  Proporti- ' 

^adows  of  their  Gnomons,  and  the  like,  commonly 
called  the  Furmture  of  Dials,  may  be  eafily  inferred  by  this  in- 

I  th'^l"lh  *r  ‘o  fpoak  my  own  judgment 

I  think  thefe  kind  of  additions  rather  for  Ornament  than  ufe  Eirft  Be’ 

caufe  they  are  many  of  them  in  their  own  nature  difficult  to  defaibe  bf 

StXff  therefore  be  drawn  from  ma^ntt 

to  t" ‘he  perfo  except  where  they  fall  out 

vertex  of  thp  ’rn  '^"  ’  Pa^h  by  the 

sS  is  Angles  with  the  Axis,  there  the  common 

bcttion  IS  a  Ciicle.  If  the  Plain  touch  the  Cone,  it  will  be  a  Parabola  Tf' 

“yP^-Jole.  Laftly,  If  it  neither  makes  Right  Angles  with 
the  Axis  and  neither  cuts,  nor  touches  the  Cone,  it  wifl  be  an  Ell  offi  or 
ftreight  Lines,  as  the  Azimuths  in  a  Flat  Rooff  '  ^ 


Secondly,' 
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»  '  '  •  'V 

Secondly,  becaufe  when  they  are  Drawn,’  every  Aflrolabe  will  refolve 
the  Problems  more  truly  than  they  will. 

I  might  add  a  third  Reafon,  becaufe  the  multitude  of  lanes  often  hinders 
thofe  that  are  not  ufed  to  them,  to  tell  the  Hours  of  the  day,  which  is  the 
chief  ufe  of  Sun  Dials,  efpecially  of  thofe  of  this  kind,  where  the  fliadow 
of  one  Point  of  the  Axis  gives  the  Hour. 

Yet,  lead:  ahy  fliould  think  this  Inftrument  imperfefl;,'  f  fball  fhew 
the  Defcription  of  fome  of  them,  and  leave  the’  relf  to  the  Induftry  of 
every  Mari. 


i0 


C  H  A  P;  V. 

The  Parallel^' oj  Declination. 

r  ,j|  IHefe  are  of  as  great  ufe  as  any,  becaufe  the  two  Tropicks  being  ’ 
i  the  Parallels  of  the  grcatefl:  Northern  or  Southern  Declination, 
may  ferve  to  limit  or  bound  the  Dial,  and  for  them  I  need  add 
no  new  Preempt,  having  before  in  the  third  Chapter  taught  you  the  De-. 
feription  of  the  Tropiek  of  s.  The  Tropick  of  vy  is  deferibed  in  the 
fame  manner  by  help  of  your  Table,  placing  your  Inftrument  to  the  Azi¬ 
muth  belonging  to  every  Hour,  and  marked  in  your  Horizontal  Circle,  amd 
Refle8;ing  the  Socket,  being  before  placed  to  the  due  Altitude.  If  you  de¬ 
fire  the  intermediate  Parallels,  either  you  muft  take  the  pains  to  Calculate 
Tables  or  by  an  Aftrolabe,  you  may  perform  it  exactly  enough  for  this 
purpofe. 


CHAP.  VI. 


The  Parallels  of  Altitude: 

✓ 

THe  Parallels  of  Altitude  are  inftrted  after  this  manner^  not  rtiuch 
differing  from  the  former.  Suppofe  I  would  infert  the  20th.  Pa¬ 
rallel  of  Altitude.  Move  the  flipping  Socket  to  20  degrees  in  the 
Ruler,  and  the  Radius  being  placed  in  any  part  of  the  Horizontal  Board, 
Reflect  with  your  Eye,  by  the  help  of  a  Thread,  and  a  flipping  Knot  the 
image  of  the  Socket,  and  carry  it  to  the  Cieling  ;  do  thus  till  you  have 
found  as  many  Points  as  you  Pleafe,  through  which  a  Line  drawn,  Ihall  fc- 
prefeht  that  Almicanter.  . 


fppp  C  H  A  Prf 
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CHAP.  VII. 


T 


The  Proportions  of  the  Shzdows  to  their  Gnomons. 

IHefe  are  no  other  than  Circles  of  Altitude  to  a  determined  nmnor ' 
tion,  and  may  thus  be  fet  on.  Confider  firH-  vuhar  ^ 
you  defim  to  exprefs.  As  for  Examnie  T  ^ 

the  Shadow  is  double  to  the  Radius.  I  take  in  mv  rnmn  i 
of  the  lelTer  Radius  of  my  Inftrument,  and  upon  the  upriahfRukrTrfm 
oo  deg.oo  min.  meafure  that  length  twice,  you  will  find^thl  Cor^SflsT 
fall  upon  6^  deg.  min.  to  that  degree  and  minute  fet  vmir  ' 

Socket,  then  your  Inftrument  being  placed  as  before  is  taugL  viz.  Tht 
the  fiduaal  edge  of  it,  pafs  through  the  Center  of  the  Glafs  remove  ir  f 
on  the  Horizontal  Board,  from  place  to  place  and  reHm  ’r 

which  draw  a  Line.  At  all  times  when  the  Spot  is  in  that  Line* 
j^^helhadow  of  all  upright  things  whatfoever,  ftiallbe  double  to  their  lencrH?- 
by  which  means  you  may  End  what  height  any  Steeple  or  the  like  is  '’hv 


■CHAP.  VIII. 

To  pi/t  in  the  Azimuths* 

Look  what  Azimuth  you  defire  to  exprefs:  As  for  example  I  defire 
ro  put  in  the  loth  Azimuth  from  the  Meridian.  FirlL  upon  your 
Horizontal  Circlei  mai'k  that  Azimuth,  and  next  examine  wh  J  a  i 
utude  the  Sun  hath  m  that  Azimuth,  in  any  parallel  you  think  fit  or  which 
IS  moft  proper  to  be  made  ufe  of,  and  to  that  Altitude  fet  the  SockennA 
place  your  Radius  in  the  faid  Aziinuth,  then  refleft  tire  image  of  the  Socket 
and  carry  it  to  the  Cieling,  it  will  meet  with  the  parallel  if  you  £ 
wrought  truly  there  make  a  mark.  Do  this  for  the  Horizon,  Jhere  the 
un  hath  no  Altitud^e,  and  mark  the  Reflefted  point,  thou<’h  thole  two' 
draw  aftraitLine,  if  the  Roof  be  flat,  otherwife  you  muft  feck  more  00^/ 

mttTandlhch'^fkT-T '“a  " 

’.r  ^  induftry  of  every  Praaifei- 

^  peifoim.  I  fhall  now  fhew  a  ready  way  by  this  Tn/fmmpnr  fn  i 

Dials  to  a  flat  Glafs  thefe  precepts  hitherto  being  fitted  to  Glafles  that  Ive 
aflope  or  Oblique,  whether  Convex,  Flat,  or  Concive.  ^ 
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C  H  A  P.  IX.  - 

t 

*  t 

How  to  draw  the  Hour-lines  to  a  Glafs  that  lies  Parallel 

to  the  Horizon. 

DO  as  you  as  you  are  dire8;ed  in  the  foregoing  precepts  only  inftead 
ofRefle6fing  with  your  Eye  you  may  now  place  the -Radius  of  your 
Inftrument,  fo  that  the  upright  Ruler  may  be  within  the  Room 
then  applying  it  over  in  the  Azimuth  given  for  that  Ho^r,  move  the  Socket 
to  the  Altitude  of  the  Sun  in  that  Hour,  and  from  the  Center  gently  extend  a 
Thread  which  fliall  fhew  you  one  Point,  do  this  for  as  many  Parallels  as  you 
defire,  if  the  Roof  happen  not  to  be  Fait,  otherwife  two  are-  enough. 

For  example,  in  the  Latitude  of  51  deg.  min:  I  draw  a  Meridian  if  I 
can,  which  is  likewife  an  Azimuth,  and  find  that  in  the  Tropick  of  Cancer^ 
the  Sun  will  then  be  62  deg.  00  min.  high,  to  which  I  move  the  Socket,  and 
gently  extend  a  Thread  by  it  to  the  Roof  which  fhall  give  the  point  requi¬ 
red.  Do  this  for  the  Equinodial,  and  through  the  Points  found  draw  the 
Hour  Lines.  .  ^  . 
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The  Extraa  of  a  LE  TTER 

Written  by  Mr.  I  m.  H  a  l  t  o  n  from  Gtays-Im.  ' 

SIR, 

occafions  do  and  will  detain  mp  vAf  Tx  r  '  • 

•  “  tnmty  proper  locum  amhuUndi  d^tur,,,  fo  Ssn^thr  fame 

/it  STneral  S,„opf„  of  Dial. 
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So  tiidt  the  names  of  the  Dial  Plains  are  in  number  22,  The  firft 
admits  of  ho  variety  •  in  others  the  fame  dire£fion  or  calculation  will  ferve  i 

for  twb  bf  one  kind,  ill  fome  for  four.  ; 

Now  for  the  particular  defcription  of  each,  fo  thany  have  made  it  their 
bufineft  and  ingenuity,  that  here  fliall  be  no  more  fiid  than  what  is  already  | 

evulgated,  which  is  more  than  fufficient,  although  I  could  Symholumofferre^ 
and  that  as  currant  ^s  forhe  of  the  reft  ;  but  becaufe  the  occafion  is  Reflex- 
ed-Diallwg,  and  that  frofh  a  Plain  and  Refiefting  Superficies  howfoever  po- 
fite,  know  that  this  Superficies  tnuft  neceftarily  be  fome  one  of  the  22  varie¬ 
ties  abovefaid,  this  is  proved  indultive^  by  a  ^rfe6^  ehumeration  of  all  the 
fingulars ;  for  all  Plains  muft  fingularly  be  in  fome  one  of  thefe  22  Po- 
fitions.  ' 

2.  Again,  the  Plain  of  the  Glafs  ( confidered  as  an  ordinary  plain  for  a 
Dial)  muft  be  taken  as  a  plain  in  a  Counter-pofitidn  to  that  ordinary  plain, 
iis  for  inftance  in  the  Horizontal,  an  Horizontal  Glafs  refleifits  an  Horizon¬ 
tal  Dial,  as  fhould  ordinarily  be  made  to  the  Antipodes  of  the  lame  place 
refieded ;  and  fo  the  like  in  the  reft  of  the  plains,  where  you  muft  be  ftill 
fure  to  apprehend  the  plain  of  the  Glafs  to  make  an  Antipodical  Dial  to  the 
fame  plain  taken  with  a  refledion. 

As  all  Dials  in  their  delineations  or  tracing  of  their  hour-lines,  refped 
their  proper  Axis,  Horizons,  and  Equators,  folikewife  do  thefe  the  lame  in 
their  reflexed  pofture ;  and  here  how  you  are  to  proceed  to  argue  and  ftate 
thefe,  fo  as  yon  may  take  your  pradice  in  them,  as  in  the  ordinary  plains,  I 
fhall  be  fo  free  with  you  as  to  give  you  my  conceptions  and  therefore, 

4.  Becaufe  the  Poles  of  the  Equator  and  Horizon  are  fo  called  in  the  com¬ 
mon  Nomenclature,  as  they  are  Perpendiculars,  fo  for  that  realbn  lhall  I 
call  the  Perpendicular  of  the  Glafs,  the  Pole  of  the  Glafs,  concerning  which 
Pole,  take  thefe  4  Theorems. 


That^  the  Jzi» 
muth. 


That  the  Hour- 
lines. 


upon  which  the{ 
Foie  of  the 
^  Glafs  is  found* 
compared  with 
the 


1  Meridian  is  the  Declina¬ 
tion, 

^2  HorizjonAsth^" clinat 

2  Meridian y  is  the  Inclina¬ 

tion  of  Meridians  yOr  dif¬ 
ference  of  longitude,  ^of  thatGUfs 

'4  Equator  is  the  latitude  or 
altitude  of  the  Stile yVVL, 
if  it  lie  on  the  under  or 
South  fide  of  the  Equa¬ 
tor  South  latitude yOther- 
wife  North  latitude. 


m 

5  How  to  find  this  Pole  of  the  Glafs,  the  Glafs  it  felf  being  fb  fmafl,  and 
let  within  a  Socket,  as  no  Inftrument  can  be  applied  to  the  Plain  of  it, 
there  are  two  ways. 

I.  Geometrically;  For  fuppofethe  Sun  fhining  on  the  glals  at  C,  the 
fpot  or  refledion  ©  at  D.  A  Ruler^  finger,  or  fuch  like  thing,  held  up 
at  B,  fo  as  the  Tides  of  a  Triangle  BCD  may  be  meafiired.  Then  the 
fide  D  B  cut  in  E  by  the  6  lib.  Euclid  prop,  lhall  give  C  E  the  Pole 
of  the  Glafs.  Then  an  Horizontal  Paftboard  applyed  to  C  (the  Me- 

Q.qsq  ridian 

t 

\ 
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ridian  being  firfl:  found  thereon;  will  by  a  Perpendicular  Thread  hung 
up,  give  you  the  Pole  of  the  Glafs,  and  a  Quadrant  Applyed  to  that  Pole 
his  Altitude  or  Depreflion  in  refpe^l  of  the  Horizon. 

2.  By  Trigonometry,  or  Calculation ;  For  the  Sun  fhining  upon  your  glafs 
take  his  Altitude,  and  at  the  fame  time  mark  with  a  Pencil  the  fpot  or 
refleffion ;  for  by  this  (without  the  Sun  finning  any  more)  there  is  e- 
nough  to  draw  the  whole  Dial  with  all  the  lines  of  the  Globe ;  for  fup- 
pofing  C  in  the  Center  of  the  Earth  (as  all  Nodus’s  of  Styles  are  fuppofed; 
and  C  O  the  fpot  or  Refle£l:ion  to  pafs  into  the  Heavens  into  a  certain  part 
asC  i$),  which  comes  from  thence.  It  is  not  to  be  doubted  that  the  Arch 
of  a  great  Circle  O  ©  would  be  made  thereby,  the  i  whereof  would  be 
C  9  the  pole  ot  the  Glafs,  for  the  Angles  of  incidence  and  refleclion  are 
equal,  both  in  refpea  of  the  Perpendicular,  as  alfo  the  plain  of  tlie  Glafs, 
And  fo  from  the  Azimuth  and  Altitude  of  the  Sun  taken,  as  alfo  of  the 
fpot,  the  Azimuth,  Altitude,  Hqur-Iines,  and  Diftance  from  the  Equa¬ 
tor  of  the  Pole  of  the  Glafs  (the  four  things  which  are  before  direded) 
are  eafily  found. 

6.  Forthefpeedy  finding  of  therefleded  Axis  both  of  the  Equator  and 
Horizqn  (for  without  thefe  the  refieded  hours  and  Azimuths  are  not  to  be 
drawn)  as  alfo  the  refieded  Horizon,  Equator  and  Tropicl^,  there  are  two 

;;  .  .  _  ’  '  ■  ■  • 

I.'  By  ififtrument,  2  By  Calculation.  The  firfi  way  direds  the  fecond, 

and  fo  of  the  fecond  I  fhall  fay  but*  little,  that  my  Letter  ’may  not  fwell ; 
Andfor  the  firfl:,  %  Example,  I  will  propound  the  Horizontal  Inftrument 
qf  the  plaice,  where  the  Dials  are  intended  to  be  drawn,  fupppfe  at  London^ 
where  the’  Latitude  is  51  deg.  32  min.  So  then  let  this  be  the  Quefiion, 
which  is  ’propounded  in  Cent^rrFs  of  degrees. 

.  ■  P  R  O  B,L  E  M. 

•  •  i  .  •  - 

i 

» 

In  the  Latitude  N,  <^\d.  the  Sun  being  in  the  firfi  fcrugle  of  Cancer, 
having  pfi  meridional  Azimuth  from  the  South  ‘yo  deg.  85^:.  and  Altitude  55 
deg.  75  c.  cafisfrom  alGlafs  arejlecfion  .0  of  pfi  met  t atonal  Azimuth  from  the 
North  21  deg,  and  of  Altitude  ^6  deg,  6gc.  I  defire  to  know  the  Plain. 

'  ^  .  I,  S  O  L  V  T  I  0  N. 

IN  the  Horizontal  Diagram  of  the  Latitude  propofed,  let  tlie  Sun  ©,  the 
fpot  O,  the  Zenith  Z,  the  Pole 'of  the  Glafs  9,  and  the  Azimuths  and 
Altitudes  be  laid  down  according  to  the- Data’s  in  tlie  propofition,  and  the 
manner  of  the  Diagram,  ^^ritur  ©  O,  the  i  whereof  ©  9,  and  fo  Z  9. 

And  again  P9  and-P29  equal  to  the  declination  of  the  Glafs,  viz. 
N  A. 

Alfo  twice  Z9  =  ZE  the  refieded  Zenith  of  the  glafs,  and  E^  = 
90  deg.  * 

And  VXZ  the  proper  Horizon  or  plain  of  tlie  GlaCs. 

Laftly,  Twice  P  9  gives  you  P  D  the  refieded  A-^Sj&c.  for  the  refieded 
Zenith  and  the  refieded  Axis  of  the  Glafs,  are  thofe  whereby  the  Hours 
and  Azimuths  are  to  be  drawn ;  which  together  with  the  Equator  and  Ho- 
nzdn  (becaufe  they  only  are  great  Circles  and  bifed  tlie  Globe)  will  be 
flrait  inf  I  ano.  .  , 

But 


•  . 
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Butbecaufe,  as  perhaps,  through  hafte  ('and  the  fhort  contraftionofthis, 
which  I  had  rather  have  difcourfed  than  thus  made  up  into  a  Let  ter  J 
any  error  may  have  happened  in  the  defigning  of  the  Triangles  upon 
the  Horizontal  Diagram,  take  this  fecond  Solution  by  the  Globe. 

2.  S  0  L  V  T  I  0  N. 

The  Pole  of  the  Glafs  being  as  by  the  fifth  found,  by  his  Azimuth  and 
Altitude  affign  a  point  upon  the  Globe,  by  fome  piece  of  white  pa¬ 
per  or  other  thing  clapt  thereon,  from  that  point  with  your  Quadrant 
of  Altitude  ufwally  made  therewith,  or  rather  Semi-circle  oi  Steel,  Brals,or 
Whale-bone,  application  being  made  to  the  Pole  of  the  World,  Zenith,  two 
points  in  the  Equator  and  Horizon  (becaufe  great  Circles^  Tropicks, 
the  oppofite  equal  Arches  thereof,  lhall  give  you  the  refpeftive  reflexed 
points ;  having  always  a  regard  from  this  point  or  Pole  of  the  glafs  aflign- 
ed,  that  you  make  the  Angles  of  RefleQ:ion  equal  to  the  Angles  of  Incidence. 
From  hence  now  fome  neat  Conclufions  may  be  deduced,  fuch  as  thefe : 

I.  Firfl:,  That  the  Sun  being  at  the  point  D  (that  is  having  North  De- 
clinatipn  19  deg.  43  c.  t,  poft-meridional  Azimuth  80  deg.  31c.  f- 
Altitude  32deg.  55C.i,  and  Hours  4 1)  fliall  give  a  reflexion  to  P, 
that  is  parallel  to  the  Axis  of  the  World,  and  fo  by  confequence  the 
Sun  in  his  own  pofition  to  the  Glafs  (if  by  obfervation  you  watch  that 
moment)  fhall  fhew  you  the  refleded  Axis  of  the  Glafe. 

And  fo  at  London  this  refieffed  Axis  is  found,  when  the  Sun  is  in 
the  Meridian  having  North  Declination  1 3  deg.  6  c.  f ,  the  plain  of  the 
Glafs  lying  Horizontal. 

2.  By  this  the  Superficies  of  the  Glafs,  or  the  Plain  of  the  Glals,  appears 
to  be  one  of  the  22  varieties  of  Plains,  and  that  it  declines  60  deg.  and 
reclines  54 deg.  ^  > 

3  That  by  the  plain  of  the  Glafs  reprefented  in  the  Horizontal  Diagram 
by  V  X  Y,  you  have  the  ,Hour-lines  expreflible  upon  that  Plain,  or 
which  can  be  refle6led  by  that  Glafs,  and  alfo  the  time  of  the  Year  when 
the  Sun  will  firfl:  fhine  thereon,  and  the  continuance. 

4. 1'hat  without  any  Glafs,  you  may  from  a  point  taken,  aflign  a  reflex¬ 
ed  Axis  where  you  pleafe,  by  an  Azimuth  and  Altitude  taken  to  your 
own  fancy ;  as  fuppofe  at  D,  then  will  9  the  Pole  of  your  Glafs  be  found 
V  as  before,  and  you  muft  be  careful  in  bringing  the  Center  of  your  Gl^fs 
into  this  point,  and  fo  place  it,  which  is  alfo  very  feazible  feveral  ways. 
7.  For  the  practice,  or  making  of  thefe  Dials,  with  all  the  Furniture 
-thereof  (the  Theory  being  thus  laid  down)  I  fuppofe  you  are  well  enough 
acquainted  therewith ;  I  Ihould  propound  for  my  own  practice  any  one  of 
thefe. 

I.  Having  got  the  reflefled  Axis,  which  will  always  pafs  through  the 
Center  of  the  Glafs  both  into  the  Air  and  into  the  Room  [if  the  tran- 
fome  of  your  Window  lie  not  direftly  in  the  Meridian]  and  having 
erefted  a  Pafte-board,  or  fuch  like  thing  at  Right-angles  thereto,  pa- 
.  rallel  to  the  reflefled  Equator,  you  may  by  Threads  defign  the  Hours, 
as  is  now  a  very  familiar  practice  in  making  of  String-Dials,  which 
ferve  both  for  the  Hour  of  the  Day  by  the  Sun,  and  hour  of  the  Night 
bv  the  Stars. 

V 


i5<5  reflex  dulling. 

2.  By  a  Plain  fet  Parallel  to  the  Superficies  of  the  Glafs  at  a  convenient 
chllance,  whereon  you  are  to  defign  what  you  intend  to  be  put  on  this 
Dial ;  and  if  the  Parallel  Plain  be  ol  Pafte-board  or  Paper,  a  Thread 
tallned  at  the  Center  of  the  Glafs,  llrikes  your  whole  Dial  de  mrfapa- 
^ lie  ‘Ifitance  ot  the  Plain  from  the  Glafs,  will  be  as  you  pleaVe- 
I  he  diltance  ofa  plain  from  a  Nodus.  ^  ’ 

j.  The  Pole  or  Perpendicular  of  the  Glaft  being  drawn  out  and  defined 
you^can  eafily  propound  to  your  felfj.^v4^at,  and  in  what  pofition  the’ 
Sun  s  rays  wih  make  an  Angle  of  incidence  with  that  perpendicular  • 
and  fo  by  a  Semicircle  or  Tangent  of  fine  Paiffaoard  Ikftned  to  tliat 
perpendiimlar ,  y'ou  can  ,  on  the  other  fide,  aflign  the  like  Angle 

,  lor  Refle£lion.  And  tor  the  Horizon  which  is  to  be  reflefted  two 

Poims  may  many  times  eafily  be  got  by  the  Eye ,  looking  into  the 
Gl^,  and  fo  between  the  Eye  and  the  Glafs  interpofing  a  mark  as  bv 
Seft.  5  two  points  are  fufficient  to  defign  that.  ^ 

And  thus  by  one  or  otlier  of  thefe  ways  you  ftall  be  fine  to  hit  of  vour 
purpol'Ci^  ^ 

P  0  S  T  S  c  R  I  P  T. 

I  Shall  conclude  this  Traftate  with  the  De'fcription  and  Ufe  of  an  Inftru- 
ment,  or  Dial  for  my  own  Ufe^  which  by  one  fingle  Hour-line  defign- 
^  within  a  Room,  and  that  at  Pleafure,.  (which  will  prevent  the  foiling  of 
Hangings,  Cupboards,  or  fuch  like  things  in  a  Room J  fell  molt  readilv 
give  you  the  Hour,  and  aSually  fif  your  Room,  be  large)  eVerHay  S  tS 
vf  Inftrument  may  be  of  neat  ufe  in  Gardens,  being  let  near  the 

North  fide  of  a  Wall  or  Tower,*  yet  fo  that  the  Sun  may  fliine  thereon  and 
the  refleaion  be  made  in  the  fliadow,  ana 

It  is  very  plain  and  ready,  and  the  hours  upon  the  EquinoBUl 

ftate,  or  that  m  Chap,  XVII.  Sed.  I.  Fitr  XVII  otrhp'ftL.  f  "  ii 

Plains  lying  parallel  totlTe  Axis  of  the  WoHd  and  them' 

(now  all  Gnomons  look  into  the  Elevated  Pole)  will  confinualh  raft  a  W 

2  nl^fu  T or  other;  Xh  le^t  be  dra^n 

Spot  ftiews  upon  t W  Hour  fine  fn  S 

iss  .t .r^oS ““  “  t 


■  AK 


Now 


Place  diu  at  S  i£nciq^f  u  JUT.  Pl'cictate  to Joldaub^, 


! 
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\  *  ,  ^ 

Now  why  the  Hours  upon  the  Hour-Circle  comprehend  7*  degrei^ 
a-piece  Very  apparent.  For  the  Perpendicular  of  the  RefledingGlais.wiU 
always  bifed  the  Equinodial  Arch  intercepted  between  the  Sun  and 
the  Spot  (  which  is  the  Sun  refleded )  and  fo  by  confequence  the  Plain 
or  Superficies  of  theGlafs,  moving  as  doth  the  Perpendicular,  orImagiria-> 
ry  Point  notified  by  the  Index  of  the  Hour-Circle,  is  only  promoted  7^  de¬ 
grees  every  Hour.  I  need  not  lay  down  a  Demonftration  at  large  in  fo  eafic 
a  matter,  nor  deferibe  this  Inftrument  further  than  I  have  faid ;  the  Figure 
III.  will  better  inform  you  than  many  words :  N  S  being  both  a  Meridian 
and  Horizontal  Line,  PS  the  Axis  of  the  World,  jE  theGlafs,  P  the  Hour 
Wheel  fixed,  but  the  Index  moveable. 

'  *  s 


Fkwc 

IlL 


But  I  ceafe  to  give  you  further  trouble  at  this  time,  defiring  rather 
“  your  pardon  for  this  confidence  I  take,  in  adding  to  your  Mathematicd 
‘‘  fiore,  wherein,  and  in  the  right  ufe  of  your  other  fortunes,  you  are  Qrafo 
“  ditior.  And  hoping  your  occafions  will,  &c. 


* 


N 

« 
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The  End  of  the  Twelfth  TRACTATE. 
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T>  I ALS  hy  REFRACTION. 


SHEWING, 

-  (Two  Different  Ways,  Viz.) 

INSTRUMENT  A  LLYWPROJECTIV  ELY, 

How  to  make  Sm  Dials  in  the  infide  of  any  Con-- 
cave  J^ejfels  (either  Regular  or  Irregular^  and  to 
infcribe  into  them  all  Ufual  Furniture. 

Which  Dials  fhall  fhew  the  true  Hour  of  the  Day,  the  Ahi^ 
tude^  Azimuth.^  and  Declination  of  the  Sun :  The  jewijh^  Ita^ 
lian.^  and  Babylonijh  Hours.  The  Sign  Ajcending^  Defcend-- 
ing^  and  Culminating :  The  Portion  (or  Domifyng)  Circles, 
When  the  V^el  fhall  be  quite  filled  with  Water^  or 
when  it  ftiall  be  partly  Full  and  partly  Empty, 


The  Thirteenth  TRACT  AT  E. 


Of  Refracted  Dials  in  General. 


TsHE  Sun  Beams  are  refra8:ed  by  any  tranfparent  Body  that  they 
fall  upon,  if  the  fame  be  more  Denfe  or  more  Thin"  and  Rare, 
than  the  Medium  thorow  which  they  firil:  fliine.  Such  Bodies 
are  either  Solid  or  Liquid.  In  both  w  hicli  kinds  the  mofl  Com¬ 
mon  Bodies  are  Glafs  or  Chrifial,  and  Water. 

Refradions  (as  we  are  here  to  Ufe  them)  may  be  divers  ways  conhdered, 
Firft  in  Solid  Bodies,  the  Superficies  Refrafting  may  be  either  Plain  or 
Curved,  and  this  either  truly  Regular,  fuch  as  is  Spherical  or  fucli  like,  or 
elfe  various  of  no  determinate  Regular  Form.  And  likewife.thc  Plain  ^f- 
pecially  (but  the  other  alfo  in  fome  fort)  may  be  either  Horizontal  or  o- 
therwife  placed,  upright  or  leaning. 


Again, 
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Again,  In  Solids  pellucid,  the  Rays  of  the  Sun  from  the  point  of  an  In¬ 
dex,  ftanding  v/ithout  fide  the  pellucid,  between  the  Sun  and  it,  mufl:  pafs, 
either  firfi:  from  the  Index  through  the  Air,  and  then  into  the  Solid,  and 
fo  meeting  with  an  apacous  Body,  clofe  joyned  to  the.out-fide  of  the  tranfi- 
parent  Body,  may  there  be  terminated,  and  fo  fuffer  but  one  Refraftion  at 
its  firfi:  entrance  into  the  pellucid,  or  elfe  the  opacous  body  ("upon  which 
thefhadow  of  the  Index  flayeth  and  pierceth  no  further,  but  is  made.vi- 
fible)  may  ftand  at  fome  diftance  from  the  pellucid ;  and  fo  the  Sun  Rays 
pafs  out  of  the  pellucid  into  the  Air  again,  before  they  come  to  the  Opacum ; 
by  which  means  they  fuffer  a  double  Refraftion,  one  at  their  entrance  into, 
the  other  at  their  going  out  of  the  pellucid  Body.  ' 

Or  further,  The  point  of  the  Index  may  be  within  the  pellucid,  and  fo  au  tkfe 
the  Sun  Beams  mufi:  firfi:  enter  into  the  pellucid,  and  fuffer  one  Refra£lion  orsym-. 
before  it  comes  to  the  point  of  the  Index,  and  afterwards  either  meet  with 
an  opacous  body,  clofe  joyned  to  the  outward  Superficies  of  the  ?d\ucld;opxyusandPei- 
and  fo  fuffer  no  more  Refraction,  but  be  there  terminated,  or  elfe  if  theOpa- 
cum  fiand  at  a  diftance  from  the  pellucid,  the  Sun  Beams  mufi:  again  pafs"^  ’ 
through  the  Air,  and  fuffer  a  fecond  Refraftion  (at  their  going  out  of  the 
pellucid)  before  they  meet  with  the  opacous  Body,  or  dark  Superficies  that 
Itays  them. 

Or  again.  The  point  of  the  Index  may  ftand  without'the  pellucid,  and 
the  Sun  Beams  be  twice  Refracted  through  both  Superficies,  before  they 
come  to  the  point  of  the  Index,  the  pellucid  being  interpofed  between  the 
Sun  and  the  point  of  the  Index,  and  the  point  of  the  Index  ftanding  be¬ 
tween  the  pellucid  and  opacous  Bodies. 

Secondly  for  Water,  or  any  fuch  tranfparent  liquid;  the  varieties  are  Manyvark- 
not  fo  many,  becaufe  the  Superficies  of  it  is  always  level  with  the  Hori- 
zon ;  and  becaufe  likewife  the  liquid  applies  it  felf  contigioufly  to  the  opa-  thsopmmBl 
cus  Body  or  Veffel  that  contains  it;  onely  befides  one  fraction,  the  irregu-  dies  that  are  to 
larky  of  the  Veffel  that  contains  the  Water  is  troublefopie.  Now  the  re-  ^j^eaZm^kei 
fraflion  by  Water  alone  can  be  but  One,  which  is  at  the  Sun  Beams  en-  of  themfelves 
trance  into  the  Water ;  but  the  variety  of  projefting  the  Lines  of  the  Dial 
is  two-fold,  according  as  the  Index  Point  may  ffand,  either  within  or  with¬ 
out  (that  is  above)  the  Water. 

But  if  Water  be  put  into  a  G^afs,  or  any  fuch  pellucid  Veffel,  then  may 
the  varieties  be  as  many  as  were  the  former  of  Solids,  in  refpe£l  of  the 
fituation  of  the  Index,  Pellucid  and  Opacum.  Yea  and  more,  becaufe  be¬ 
fore,  the  Pellucid  was  fimpleand  fimilar,  but  this  Pellucid  mixt  ordiflimi- 
lar;  fo  that  the  Refraflions  are  here  multiplied  into  four  Varieties  or  Brea¬ 
ches  (whereas  tlie  other  had  but  two)  caufA  iffim  mixiones  vel  comfofttiones 
ducrum  Pellucidorum :  The  firfi:  fradtion  is  at  the  entrance  into  the  Glafs ; 
the  fecond  at  the  going  out  of  the  Glafs  into  the  Liquid;  the  third  at  the 
going  out  of  the  Liquid,  and  entrance  into  the  Glafs ;  the  fourth  at  the 
going  out  of  the  Glafs  into  the  Air. 

Now  all  thefe  Complications  of  infinite  Varieties,  gather  fuch  an  incom-  And  thm 
prehenfibility,  or  innumerable  number  of  difficulties  in  drawing  hours  fomy/the  vark- 
many  ways,  and  quantities  Refracted,  that  it  will  be  thought  to  exceed  the  Zmdlymah- 
comprelienfion  of  humane  reafon  to  accomplifli  it ;  efpecially  being  fo  infinite-  i»g  ^raHions 
ly  varied  by  the  irregularity  of  thofe  Superficies  that  are  to  receive  the  Li- 
neaments.  If  all  the  Cafes  mentioned  were  intermingled,  there  would 
be  no  end  of  Varieties. 


And 
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And  bccaufe  the  quantities  of  the  feveral  Refractions,  at  their  feveral 
Incidences,  aie  unknown,  and  although  they  were  known,  vet  bv  res 
ion  ot  tlie  irregulanty  of  rnoft  Pellucid  SoUds,  the  Angles  and  Coafts  of 
1  ncidcnce  would  be  altogether  unknown,  and  in  that  regard  the  Refract! 
ons,  botli  in  quantity  and  coaft  unknown  alfo.  In  all  thefc  reoards  it  is 
airogethcr  impoffibie  to  give  any  Rule,  either  by  Calculation,  Sr  Geome 
tncally,  by  drawing  lines  how  the  hours  fhould  be  delineated 

Water  (indeed)  where  the  Superficies  is  both  a  true  Plain,  and  alfo 
nm,  7/w  rklying  t'  oly  Horizontal,  the  Varieties  will  be  fewer,  and  fo  the  Work  mom 
Inin  mufl  o/eaCc.  But  of  this  I  will  fpeak  afterward  peculiarly,  becaufe  thin<»s  noroC 

‘^'■y  this  kind  may  be  more  vulgarly  had  (being  more  obvious)'^and  the 
imcrMis.  way  much  more  eafie  in  it  felf,  though  commonly  alfo  thought  to  be  ev- 
ceeding  diftkult,  being  elleemed  as  a  rarity  above  the  common  apprehen- 
hon  and  performance  And  if  this  that  is  eafieft  be  fo  elleemed  of  what 
fhall  the  former  (to  difficult)  be  accounted  of,  being  involved  in  fuch  an  in 
numerable  number  of  various  Varieties.  “ 


Of  Refracted  Sun-Dials  in  Water. 


How  to  Draw  them  by  the  Semicircle  and  Planifphere 

jointly  together. 


I. 


T 


Inclinations  or  Altitudes  in  Water  mull 
be  had,  as  I  have  framed  a  1  able  for  that  purpofe,  which  is 
here  inferred.  r  r  > 

2.  The  Veffel  that  holds  the  Water  may  be  of  any  faffiion,  regular 
or  irregular,  ,t  matters  not  but  it  mull  be  furniffied\vith  ev4ry  tlnth 

i  manner  whereof  in  brief  may  be 
this.  Set  the  Veffel  fo  upright  as  it  mull  Hand,  when  the  Water  is'  in  it: 
and  alTume  a  Point  for  the  South,  and  over  againft  it  (in  the  fame  Hori- 

fn  f  p  North,  both  oppofite  to  each  other  in  re- 

ipect  of  the  Point  of  the  Gnomon,  which  muft  h'rft  of  all  be  fi.xed,  that  is 
having  taken  one  Point  for  the  South,  in  the  fame  level  with  the  Point  of 
die  Gnomon  (for  to  it  an  Horizontal  Line  is  Hrft  to  be  drawn  in  the 
Veffel  or  elfe  extended  by  a  Thread)  from  that  South  Point  extend  a 
rhieadout-nghtover  the  Point  of  the  Gnomon,  which  will  find  the  North 
oint  on  the  other  fide  of  the  Veffel.  Afterwards  in  the  Horizontal  Line 
(drawn  round  about  the  Veffel,  or  otherwife  repreftnted  with  Tiireads 
cowen^ntly)  by  help  of  a  Paft-board  fet  upon  the  Gnomons  top,  and  by 

A7im?^b  ^  ^1°‘ r“’  “nth 

'ri,™k  •  ’  j  marks  in  the  fame  Horizontal  Line  for  each  of  them 

This  being  done,  by  the  Semicircle,  find  out  the  Zenith  Point  in  the  VefI 

lei,  that  IS,  apply  the  Ruler  to  the  Gnomons  Point,  and  holding  it 

upright  tl^ie,  the  foot  of  it  will  fhew  the  Point  required ;  for  the  Vef- 

fel  now  Handing  (and  as  it  muft  be  juftly,  afterwm'ds  placed  )  in  tWs 

^  ^  Thread  to  the  Azimuthal  Point,  and 

to  the  Apex  of  the  Gnomon,  and  fo  to  the  oppofite  Point  of  each  Zenith 

(two 
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A  TABLE  of  Refraded  ALTITUDES 

to  every  Degree  of  the  Quadrant. 
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refractive  dialling. 

(two  bang  akvay^oppofite  one  to  the  other,  and  may  well  go  to<^ctherS 
}  Ml  ^^laV  repofe  -this  Thread  upon  the  Zenith  Point  lately  found  •  to  ftLi 
the  umbrage  pi -t^f  Tihread  Oiew-all  along  the  Velfel,  wlieTe  th  °W 

without  Drawing  or  Projeaing  either,  Threads  may  be  fixed  for  Ayi. 

Point  m  the  Horizontal  Line  to  the  Zenith, 
things  being  thus  prepared,  it  is  left  to  choice  whether  the 
iTvV  V  tTT"  always  hidden  in  Water,  or  elfe  (land  ab^ve 

t 

•  fbe  Gnomon  is  biddeji  all  under  Watoi*. 

I  tills  cafe  you  are  not  tied  at  all  how  full  to  make  your  VelTcl  onlv 
be  fure  to  cover  the  Gnomon’s  Point,  it  matters  not  how  much*whe- 
tlief  npre  or  left,  tor  both  are  one.  Then  for  the  Line  of  1 2'  that  is  al- 
r^dy  town,  being  tlic  fame  wulf  the  Xortli  and  South  Azimuth  -  but 
the  re  i  mull  be  inicribed  by  Points  feverally  fi.xcd  into  each  particular  A- 
zi^uth;  the  maqoer  whereof  may  be  thus: 

Upon  the  Planifiiliere,  lay  the  Ruler  to  any  Azimuth  fas  the  doth’)  from 
die  S^th,  and  there  lee  what  degree  of  the  Ruler  for  what  Altitudes'! 
each  Hour  Circle  cutteth,  and  write  them  down  in  a  Table.  *  ^ 

ins  a  Table  Ta"lf  rb!J  'a  m  ""n  you  Hiall  think  fit)  mak. 

^  CD  i  Altitudes  or  InterfeHions.  Then  comin^x  to  the 

t!’  particular  Altitude  of  the  Tabkr  find  a- 

mongft  the  Refrachons,  how  much  belongs  to  each  of  them  and  add  tbo 
feme  to  the  Altitude  fbefore  found  by  the  Projedlion)  particularly  fo  fliall 
you  have  turned  tlie  direT  Altitudes  into  refrafted  onL 

eachnfrtic  Semicircle  infert 

eth'  fo^W  Iv^,  h  Altitude  into  his  proper  Azimuth  where  it  belong- 
eth,  io  .fhall  j  ou  have  points  in  each  Azimuth,  for  fo  many  Hours  as  tte 

fame  Azimutfi  is  caj^ble  of.  Having  then  thefe  helps,  through  each  Point 

Sr’^f  n  Azimuth;  to  the  femrHour,  as  fuppofethe 

Hour  of  9,  draw  one  continued  curved  Line,  which  mull  ferve  Ton  the 
Hour  of  9  a  Clock,  fo  through  all  the  Points’  in  eve.-yTzimutli  fen-  ng 
for  8,  ^w  one  continued  Line,  which  mull  in  like  manner  ferv4  for  thf 

b?abfi^,*,Sf  hS®"'*  [°  P°  Horizontal  Linewill 

^  a^ut  3  7  deg.  below  the  Point  of  the  Gnomon,  fo  much  nairelv 

the  Horizontal  FraHion  cometh  unto  ;  and  up  to  this  Horizonml  Line 

And  ^  any  higher)  mull  the  curved  Hour  Lives  be  drawn  The  Coafts  ■ 

Koith  ^d  South  will  be  oppofite  (in  the  Velfel)  to  tlmfe  oGlie  HTvens 

Iisfe  as  they  are  in  other  Dials.  This  work  cannot 

^  done  W  pro, ea.ng  the  Hours,  .with  help  of  an  Axis,  as  Lotb-r  Prok 

the  Eye  can  polfiblv  fall  opon  cjie  Wa. 
p  *"  the  fame  manner  that  the  Sun  Beams'  do  fwhich  in  direft 

Proj^ions  IS  TOt  requifite,  but  in  RefracTed  it  is)  nor  the  prcieclion  made 
f  ^  themfelves  (though  of  the  feme  Hour  Cimle)  wTb» 

the  f^e  in  fafhion,  the  Sua  Handing  in  feveral  pofitions  to  m.ike  this 
projeaion  ,  as  m  one  inllance  (in  a  right  Sphere)  will  fulcbntTy  a^-, 

pear; 


REFRACTIVE  DIALLING. 

pear ;  for  in  a  right  Sphere  the  Axis  (as  all  knowj  muft  lie  parallel  to 
the  Horizon ,  or  Superficies  of  the  Water ;  and  the  Hour  of  6  will  be 
the  fame  with  the  Horizontal  Line.  If  therefore  we  fuppofe  fuch  an 
Axis  in  a  round  Spherick  Concave  VefTel,  full  of  Water,  to  be  laid 
from  the  one  fide  of  the  VelTel  to  the  other,  and  the  Sun  to  rife  or  fet  in 
the  Equinoctial  which  is  proper  to  the  Axis ;  then  fhall  the  Hour  of 
d,  or  the  one  half  of  the  Horizon,  be  projected,  dipping  down  ffrom 
each  point  of  the  Axis ,  projected  by  the  Parallel  Rays  of  the  Sun)  fo 
much  as  the  Horizontal  RefraCtion  comes  to  (about  57 deg. )  whence 
it  muft  follow,  that  this  Projection  of  the  Horizon  muft  dip  moft  under 
the  Axis  in  the  Projected  Equinoctial  Circle,  and  nothing  at  all  under  the 
two  ends  of  the  Axis,  which  concur  with  the  fides  of  the  Concave  Vef- 
fel ;  whence  the  Sun,  being  in  the  Equinoctial  as  we  now  fuppofe  it  to  be, 
the  Axis  and  Horizon,  or  6  a  Clock  Line  in  a  round  Veftel,  would  appear 
thus,  as  in  the  Figure. 


But  again.  If  the  Sun  being  out  of  the  Equinoctial,  as  in  one  of  the 
Tropicks,  and  there  be  fuppofed  to  rife  and  fet,  then  "fhall  the  Hori¬ 
zon  ,  or  Hour  of  6,  be  projeAed  fo  by  the  Sun,  as  that  a  Ray  from  the 
Sun  upon  the  middle  Point  of  the  Axis,  fiiall  projeCf  the  Horiiiton  in  the 
loweft  Point ;  which  loweft  Point  will  be  in  the  projeCled  Tropick,  and 
not  in  ‘the  EquinoClial,  as  the  former  ProjeCIion  was.  So  that  now  the 
Axis  and  the  Line  of  6,  will  appear  in  the  fame  VcfTcI,  in  the  form  of 
aob^  whereas  before  it  was  like^^e^;  whence  firft  it  is  evident,  that  an 
Axis  cannot  project  (in  all  Pofitions  oFthe  Sun, -to  the  Axis  and  Water) 
one  fingle  Line  for  each  Hour,  as  they  ought  to  be ;  and  therefore  that 
way  by  an  Axis  is  in  this  work  to  be  rejected  as  unferviceable. 

Secondly,  It  follows  alfo,  that  (though  the  Sun  fhould  (by  reafon 
of  infinite  remotenefsj  make  requifite  Lines,  yetj  the  Eye  cannot  in  this 
•  kind  perform  what  the  Sun  doth ;  becaufe  it  being  always  near  to  the 
Superficies  of  the  Water ,  doth  receive  diftances  from  feveral  parts  of 
the  fame  Superficies  of  different  quantities,  great  and  lefler ;  and  fo  the 
Rays  pa  fling  from  the  Eye ,  do  make  feveral  Angles  of  Inclination , 
and  confequently  feveral  Refractions,  which  the  Sun  by  his  iramane  di- 

ftance  " 
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*Aance  doth  not,  but  is  thereby  freed  from  it ;  fo  that  the  Hour  Lines  can¬ 
not  be  projef^ed  (by  help  of  an  Axis)  with  the  Eye  in  the  fame  fafliion  that 
the  Sun  requires  ;  nor  yet  if  they  could,  would  they  be  of  any  ufe,  as  is 
before  faid.  Thirdly,  Again  it  follows,  that  a  pioint  only  (and  not  a  Line 
or  part  of  the  Axis)  is  to  be  ufed  for  a  Gnomon.  Fourthly,  That  the  in! 
icription  of  the  Hours  muft  needs  be  done  by  finding  certain  Points,  thro’ 
which  they  are  to  be  drawn.  One  way  of  which  Protradion  is  now 
delivered  ;  this  former  way  fuppofeth  the  Refra£lions  to  be  fingle  upon 
a  Meridian,  lying  .in  a  Horizontal  level,  and  to  be  known  alfo  accordino- 
to  all  inclinations.  ^ 

Hoxv  to  make  the  Hours  clofe  right  'with  the  Horizontal  Circle^ 

A  • 

XO  U  muft  firft  draw  tlie  Refra6^ed  Horizontal  Circle,  which  is  all 
one'as  if  you  would  draw  the  37  deg.  Almicanter  (for  about  57  deg. 
2  Horizontal  Refradion  ;  and  fo  much  therefore  muft  the  Horizontal 
Circle  dip  under  the  point  of  the  Gnomon  in  the  Water)  lij  thar  I  need 
fay  no  more  of  that :  Then  may  you  divide  this  Horizontal  Circle  into  fuch 
parts  or  degrees,  as  the  fpaces  of  an  Horizontal  Dial  will  require  and  into 
thofe  divifions  muft  the  ends  of  the  Hour-lines  run.  Alfo  above  this  Ho¬ 
rizontal-line  nothing  needs  be  drawn,  for  it  is  of  no  ufe,  the  Point  of  the 
Gnomon  will  never  grow  higher,  Likewife  it  will  be  moft  convenient 
to  fill  the  Veflel  with  Water  up  to  the  brim  in  this  cafe  here  propound¬ 
ed,  where  the  Gnomon  lies  hidden  under  Water  ;  and  foalfo  to  make  the 
brim  37  deg.  (at  moft,  but  fewer  deg.  is  beft)  above  the  Point  of  the  Gno¬ 
mon;  which  your  Semicircle  will  do:  for  by  thefe  means  the  Sun  fhall 
have  free  accefs  to  the  Dial  fo  long  as  it  is  above  the  Horizon,  which  other- 
wife  will  not  poflibly  be. 

And  here  Note,  that  if  the  Refracted  Altitudes  be  inferred  into  my 
Semicircle  out  of  my  Table  of  Refractions  in  Water,  and  fo 
made  into  a  Scale  or  Limb  ;  if  this  (I  fay  )  be  done,  then  may 
you  immediately  (without  turning  your  direct  Altitude  into  re¬ 
fracted,  according  as  is  preferibed  in  the  precedent  page)  put 
in  the  fame  things  in  the  fame  manner  and  quantity  ,  if  you 
count  thefe  Altitudes  in  your  Refracted  Scale  (and  not  in  the 
common  limb)  and  accordingly  do  infert  them  all,  your  Thread 
and  Plummet  hanging  upon  the  Altitude  taken  into  the  fame  Scale; 
fo  will  the  former  labour  of  turning  one  into  the  other  be  taken 
quite  away.  And  fo  much  will  ferve  for  this  firft  Cafe,  when 
the  Gnomon  is  quite  covered  under  Water.  The  Second  follows, 
which  is, 
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IL  When  the  Point  of  the  Gnomon  fiands  above  the  Water. 

A 

''HE  Gnomon  being  fet,  and  the  VeiTel  fitted  (^as  is  before  prefcri- 
bed)  with  Azimuths  convenient,  you  rAufl: fet  the  Vdlel. upright,' 
accoiSing  to  the  felf  fame  pofturethat  you  intended  it  fliould  have  when 
iL.is  fitted  with  Water,  and  in  that  fituation  let  it  be  fixed,  till  your 
Work  be  done  at  tlie  lealh 

2.  Next  you  are  to  confider  how  Iiigh  you  will  fll  it  with  Water,' 
for  to  that  Altitude  you  mud:  draw  an  exaft  true  Horizontal  line  upon 
the  fides  of  the  Veirel,  the  very  fame  that  the  edge,  or  Superheies  of 
the  Water  will  make  when  it  is  filled  up  to’ it :  This  is  neceffary  to  be 
done,  fird  ,  as  alfo  you  mud  draw  another  Horizontal  line  about  the 
fides  of  the  Veffel,  which  mud  be  in  aquilibrio  with  th^i  Point  of  the 
Gnomon  ,  and  this  will  be  (  mod  conveniently)  the  very  edge  of  the 
Veffel  ,  that  fo  the  Sun  (all  the  time  that  it  is  above  the  Horizon)- 
may  have  accefs  to  the  , Gnomon’s  Point,  and  Hiew  the  Hour  too  ;  both 
which  cannot  be,  unlefs  the  VeffePs  brim  be  jud  in  Equilibration  with' 
the  Gnomon’s  Point. 

Between  this  brim  of  the  Veffel,  and  the  Water  Horizontal  Line 
is  part  of  the  Dial  to  be  drawn  by  direft  Projection  ;  and  below  this, 
namely  where  the  Water  hlleth  up,  is  to  be  drawm  the  red  of  the  Dial 
by  llefracled  Projection ;  and  accordingly  we  are  to  give  didinCt  Rules 
for  both. 

4.  For  the  upper  part,  it  may  be  deliniated  either  by  the  Horizon- 
Planifpherc,  and  the  Semicircle,  or  elfe  by  projecting  it  with  an 


tal 
Axis. 


1.  By  the  Planifpherei 


0  U  may  find  what  Altitudes  are  due  to  every  Hour  upon  every 
_  Azimuth,  and  by  the  Semicircle  you  may  put  them  into  the  right 
Azimuths ,  and  So  from  point  to  point ,  draw  the  Hour  lines  till  you 
come  down  to  the  Water  Horizontal  Line  ;  and  for  the  upper  ends 
of  the  Hours,  to  make  them  fall  true  into  the  brim  of  the  Yeifel,  you 
mud  do  as  before  in  the  former  Work  was  done;  that  is,  you  mud 
deferibe  (in  tlie  brim  or  Horizontal  Line  of  the  Dial)  the  (paces  of  an 
Horizontal  Dial,  and  in  tliofe  Points  or  Spaces  mud  the  Hours  begin 
to  ifiue  forth.  So  again  for  the  lower  . ends  of  the  direCf  Hour  Lines, 
to  find  the  very  points  into  wiiich  they  are  to  run  upon  the  Water 
Horizontal  Line,  the  Work  will  be  either  harder  or  eafier,  according 
as  the  Vdfel,  and  danding  of  the  Gnomon,  are  Regular  or  irregular  — ■ 
For  if  the  Veffel  be  round,  and  the  Point  of  the.  Gnomon  do  dand  jud 
in  the  Center  of  it,  then  it  will  be  eafie  to  do  it,  for  then  the  Wa¬ 
ter  Horizontal  Line  is  a  true  Almicanter ;  and  by  your  Semicircle  you 
may  know  what  Almicanter  it  is.  If  accordingly  therefore  you  con- 
lider  upon  your  Planifphere  how  many  degrees  of  that  Almicanter  are 
comprehended  between  12,  and  each  Flour,  and  jiifert  the  fame  fpaces 
or  degrees  into  the  fame  Almicanter  or  Water  Horizontal  Line,  thofc 

T 1 1  c  '  Points 
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Points  fliall  be  the  Terms  of  the  Hours  into  which  they  muft  come. 
But  if  the  Veffel  be  not  Regular,  or  though  it  be,  if  the  Situation  of 
the  Gnomw  be  not  Regular  to  it,  then  it  will  be  difficult  ;  aiid  in- 
deed  lo  difficult,  that  it  is  not  operx  fretiam  to  ufe  it,  I  will  refer  it 
to  this  next  Projeftive  way  of  putting  in  this  Superior  part  of  the  Hours 
which  will  perform  this  thing  eafily.  But  by  the  way,  after  yotThave- 
inferred  the  one  part  of  the  Hour  Line,  by  drawing  it  as  I  now  ffiewed, 
you  may  continue  it  whither  you  will  by  Projeafon,  as  I  havrhere- 

HwiTOntarLine  continue  it  downward  unto  the  Water 

II.  By  ProjeBion, 

I 

This  is  done  in  the  fame  manner  that  I  have  often  heretofore  ffiew. 

ed,  either  by  an  Axis  and  Horizontal  Points,  or  elfe  by  the  f'ohI- 
nottial  Points,  and  for  thefe  you  need  draw  no  Azimuths  ;  or  Jlfe  bv  Azi* 
muthal  Points,  put  into  two  Azimuths,  which  only  are  necelLrv  to 
^ne :  I  need  not  make  Repetition  of  it  here  again.  So  then  the  unner 
part  of  the  Dial  above  the  Water  is  deferibed. 

The  lower  Refraaed  part  which  lies  within  the  Water  mav  alfn  K.. 
jeaSref  ’  the  Planifphere  and  Semicircle:  Orelfeby  Pro! 


1.  ,  By  the  Planijphere. 

niuch  each  Hour  is  elevated  upon  every  fiich  Azimuth 
IS  deferibed  in  the  VelTel,  and  bv  voiir 'Table  nf 
it  into  Refrafted  Altitude,  as  Vas  beLr^Tve^  ^  “  vt  iTti" 
tud^  may  be  called ,  The  Firft,  The  Direa,  and  the  Latter  ffie  Re 
fraded  Altitude.  Or  when  you  come  to  infert  thefe  by  your’  Semicir’ 

^  Altitudes  you  may  count  them  upon  that  Limb 

which  IS  divided  into  equal  degrees,  and  the  Refraded^ Altitudes^ v^u 
may  infert  by  that  Limb  which  is  made  for  Refraded  Altifudes  bvNva 

underftand  me  when  I  bid  you  to  put  in  tL  DI 
rea  Altitude  and  the  Refraaed  Altitude,  that  is  ,  to  count  the  famo 
Almude  in  the  Direa ,  or  equally  graduated  Limb,  and  in  the  Limb 
o  Refradions,  and  fo  fhall  you  need  no  Table  of  Refradions  becaufe 
this  new  inferted  Limb  performs  the  ufe  of  the  fame  Table  immedi 
ately ,  without  any  turning  of  one  Altitude  into  another.  Both  Alt 
tudes  we  are  here  to  ufe.  Firft,  We  fuppofe  the  Velfel  fet  as  it  m  ft 
ftand  when  it  is  filled  with  Water,  and  in  this  fituation  look  what^^ 
zimuth  you  mean  to  deal  with,  or  into  which  you  intend  to  infert  the 
Hour  points,  from  the  fame  Azimuth  noted  in  the  Water  Horizontal 
Line  and  m  the  true  Horizontal  Level,  and  juft  alfo  under  the  S 

4,  Zenith  Line  (or  fromX 

Azimuthal  Point  m  the  Water  Horizontal  Line  to,  or  direaiy  towards 

ftrefrh  Horizontal  Plain  with  the  Zenith  Lffiel 

frtd  put  upon  it  a  Bead  that  may  flip  up 

ild  down,  or  elfe  a  Slipping  Knot  may  be  put  on  afterwards)  there 

fatten 
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faften  it.  After  this  is  done,  by  help  of  the  Semicircle  applied  to  the 
Point  of  the  Gnomon,  put  upon  that  Thread  fas  being  the  Azimuth) 
the  DireQ:  Altitude  which  you  mean  to  infert,  and  thereto  flip  the 
Knot  or  Bead ;  then  again  from  this  Bead  down  unto  the  fame  Azi¬ 
muth  drawn  upon  the  Veflel  fides,  projeft  f with  your  Semicircle  or  Ru¬ 
lers  edge  applied  thereto)  the  Reflated  Altitude,  and  there  make  a  Mark; 
for  in  that  mark  muft  the  Hour  ( whofe  Altitude  you  now  infert)  run, 
the  fame  Work  you  are  to  do  for  all  the  Hours  and  their  Altitudes  thai 
pafs  thorow  this  Azimuth ;  and  the  like  muft  be  done  in  other  Azimuths 
alfo  for  the  fame  Hour  Points.  Then  laftly.  Having  found  Points  for  eve¬ 
ry  Hour,  you  may  thorow  thofe  Points  draw  the  Hour  Lines,  and  fo  firiifh 
,  the  Dial  in  every  particular. 

*  • 

II.  ByPro^eBion^ 

BU  T  now  the  VelTel  muft  be  filled  up  to  the  Water  Horizontal  Line, 
and  be  in  all  Points  fitted  as  when  it  is  really  to  Ihew  the  Hour  of 
the  Day ;  and  being  fo  prepared,  you  fhall  need  to  inferibe  no  Azimuths 
at  all  into  the  VelTel;  but  as  in  other  Projefting  of  Hours,  fo  here  do 
thus :  Make  two  Points  for  North  and  South,  and  fet  the  Hour  Points 
upon  the  Brim  of  the  Veftel  which  you  take  to  be  in  ac^uilibrio  with 
the  Gnomon’s  Point  (however  put  thofe  points  into  the  Horizontal  Line, 
which  is  in  dqullihrh  with  the  Gnomon’s  point;  or  if  there  be  none 
drawn  in  the  Veftels,  fet  Threads  there  round  about  it,  as  the  manner  of 
other  Dials  hath  been,  and  into  them  infert  Knots  or  Hour  points)  and  e- 
re8:  an  Axis  as  in  other  Dials :  Then  projefT  (as  you  ufe  to  do)  the  Axis 
upon  thofe  points,  and  with  feme  File  or  Dent  make  a  Mark  where  the 
point  of  tlie  Gnomon  is  repofed  thorow  the  Water  upon  the  fide  ofthe  Vef- 
fel  which  Mark  fliall  ferve  for  one  point  thorow  which  to  draw  that  fame 
Hour.  Then  removing  your  Eye  a  little  higher  or  lower,  ftill  repofe  the 
Axis  upon  the  fame  Hour  point,  and  mark  again  the  place  upon  which 
the  point  of  the  Gnomon  Teems  to  lie ;  for  this  alfo  will  be  another  point 
thorow  which  the  fame  Hour  is  to  be  drawn.  Thus  remove  the  place 
of  your  Eye  fo  often,  and  do  the  fame  Work  over,  untill  you  have  found 
points  fufficient  to  finifh  the  draught  of  the  whole  Line.  In  the  fame 
manner  you  muft  find  points,  and  thorow  them  draw  each  of  the  other 
Hours.  This  kind  of  Work  is  neceflary  for  that  part  of  any  Hour  which 
lies  under  the  Water ;  but  for  the  part  above  the  Water,  that  is  projefted 
at  one  view,  as  hath  been  before  fhewed  ;  for  that  not  going  down  into 
the  Water  at  all,  is  freed  from  Refraftion.  Remember  alfo  that  the  Axis 
muft  always  go  above  the  Gnomon’s  Point,  and  keep  in  the  Air,  but  at 
no  hand  go  down  into  the  Water.  To  the  Water  it  may  go,  and  befaft- 
ned  below  too  in  the  Water ;  but  my  meaning  is,  you  muft  not  then  pro¬ 
ject  by  that  part  of  it  which  is  within  the  Water,  becaufe  the  Refraction 
will  deceive  you.  And  be  careful  that  the  projecting  part  of  the  Axis  (name¬ 
ly  all  that  which  lies  above  the  Water)  do  lie  at  the  true  Elevation  of  your 
Pole,  and  that  you  project  only  by  that  fame  part.  And  thus  have  we 
finifhed  thefe  two  Cafes,  which  were  to  fliew.  How  to  draw  Hours  in  a 
Veftel  of  Water,  where  the  Gnomon  lies  within  the  Water,  or  where  it 
ftands  above  iti  Now  if  befides  the  Hours,  any  fhall.  in  thefe  two  Cafes, 
defire 
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To  put  in  the  other  Furniture. 


■  *"  ;  r* 

f^.T^HEY  may  in  brief  do  it  thus :  It  muH  be  remembred  that  all  Furni- 
JH  ture  IS  to  be  put  in  by  the  Pianifphere  and  Semicircle,  as!  have  al- 
piady  Slewed.  And  that  ail  things  that  way  are  put  in  by  Altitudes 
fuch  as  m  each  kind  the  Pianifphere  will  help  unto.  Tiie  very  fame 
manner  of  Work  is  here  again  to  be  ufed,  only  in  the  firS  cafe  you  muft 
altogether  ufe  Refraaed  Altitudes^  and  in  the  latter  cafe,  you  mull:\jfe 
Doth  Direa  and  Refraaed  Altitudes,  one  after  the  other. 

For  the  hrfl:  Cafe  then  it  will  be  as  eafie  as  if  you  were  to  work  in 
the  way  heretofore  taught  by  the  Pianifphere,  applyiag  the  Ruler  of 
tlie  Semicircle  to  the  point  of  the  Gnomon  and  to  the  Hours  only  vou 
mult  remember  to  count  all  your  Altitudes  in  the  Refraaed  Limb  of 'the 
Semicircle,  and  not  in  the  common  Limb  of  Equ.  degrees  becaufe 
ay,..both  Gnomons  point  and  Hours  are  under  Water.  And^his  will 
be  enough  to  admonifli  concerning  the  hrft  Cafe,  wiiere  all  thinc^s  are 
tpfaily  refraaed :  Or  you  may  put  all  in  by  the  Semicircle,  profeaincT 
upop  the  Azimuths,  not  Hours,  as  follow^s  in  the  other  way.  T'hen 
^aiip  in  the  fecond  Cafe,  where  the  Work  is  partly  direa  and  part¬ 
ly  refraaed,  fo  much  of  your  Work  as  is  above  Water,  may  be  furnifii- 
ed.  vvita  direa  Projeaion,  as  hath  been  Slewed  heretofore  in  the  ufe  of 
tpe  Pianifphere  and  Semicircle.  But  for  the  other  part  which  is  below 
in  the  Water,  there  are  feveral  ways 'to  be  ufed,  but  the  bed:  will  be 
tq  project  all  upon  the  Azimuths  that  were  at  fird:  prefcribed  to  be 
drawii  upon  the  Veffel  ddes  ;  and  fo  all  will  be  eade ,  whereas  other- 
wife  they  will  be  very  hard.  Having  then  by  the  Pianifphere  found 
iLich  /iltitudes  upon  the  Azimuths  as  are  requidte,  you  are  then  ure- 
pared  to  put  ,the  fame  in;  but  it  muff  be  by  udng  the  fame  way  that 

Fdf- Infcription  of  the  Hours;  namely 
tills  Let  your  Veffel  have  no  water  at  all  in  it,  but  yet  fet  true  as 
liata  been  before  prefcribed.  Thencfrom  any  Azimuthal  point  in  die 
mter  Horizontal  Line,  to  the  Inteifeaion  of  the  Water  Horizontal  Su- 
peidcies  witn  die.  Zenith  Line  falling  from  the  point  of  the  Gnomon 
jlietch  out  a  Thread  and  fallen  it  there,  and  upon  it  let  be  put  a  flip ’ 

what  Altitudes  you  have  to  put  inVfor 
Parallels  of  the  Equinoaial  or  Almicanters,  or  Seftions  of  the  Ecliptick 

Tl  ^  fame  muff  be  put  into  the 

Sn?  applying  .the  Ruler, of  the  Semicircle  to  the  Gnomon^ 

up?  till  (the  fide  of  it  alfo  touching  the  Thread! 
the  Plummet  hang  at  the  direft  Altitude  of  the  equal  Limb,  then  m 

ySn-  Knnr  /  k  Ruler  croffeth  it,  dip 

afterwards  again,  apply  the  Ldge  of  your  Semi- 

'd'e  ftrnrm  l  and  keeping  it  dill  there  cloL  to  it,  lift  it  up  till 

'to  the  T  ^  the  end  or  point  of  it  keep  alfo  in  the  Azimudi  where- 
of  ;  that  part  of  it,  I  mean,  which  go.s  up  to  the 

hf  of  die  Veffel  into  tlie  Water ;  fo  diall  the  end  or  point  of  tL  R  u- 
K  ^ve^you  the  point  of  the  Refraaed  Altitude  it 

tdl  yvu  have  found  all  the  ix)ints  of  fuch  things  as  you  mean  ro  pu4 

upon 
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upon  that  Azimiitli,  and  then  go  to  another  Azimuth,  and  do  fo  there 
too,  until  you  hav-e  clone  as  much  as  you  defire.  Then  lahly,  thorow 
every  correlpondenc  point  draw  fuch  Lines  as  you  require.’  This  is  the 
fum  of  what  is  to  be  done  in  this  Cafe. 

And  Note  here,  That  if  it  be  fo,  that  then  Altitudes  of  fome  things 
cannot  be  had  upon  tlie  Azimuths  by  the  Planifphere  (fuch  as 
are  thofe  things  that  concern  the  motions  of  the  Ecliptick)  in  fuch 
a  Cafe  you  may  fby  the  Planifphere)  find  in  -what  part  the  Eclip¬ 
tick  cuts  any  Hour  Circle,  as  is  fliewed  before  in  the  ufe  of  the 
Planifphere  ;  and  thereto  apply  the  Ruler  of  the  Planifphere,  which 
will  fhew  you  in  whalt  Azimuth  this  fhall  happen :  this  Seftion 
(I  ilty)  of  the  Ecliptick  with  the  fame  Hour.  If  now  you  put 
in  the  fame  Azimuth  into  the  Horizontal  Line,  and  project 
it  into  the  VefTel,  you  fhall  find  the  fame  point  of  interfeTioii 
with  the  Hour,  and  thorow  that  point  muff  the  Ecliptick  Circle 
pafs.  Tlie  like  may  be  done  for  all  the  other  points  of  Inter-^” 
fedion.  And  this  you  may  do,  without  finding  what  Altitudes 
the  Ecliptick  hath  upon  any  Azimuth  ;  which  I  believe  the  Pla;« 
nifphere  will  not  do  very  well.  Therefore  in  fuch  Cafes  this  DL 
retdion  may  be  ready,  or  elfe  take  that  way  which  is  adjoyned 
to  this  if  you  think  not  much  of  your  labour,  whereto  th^t  way 
will  put  you. 

t 

Thi5  way  I  have  given  as  the  bell: ,  but  I  fear  the  Planifphere  wifi 
not  do  (as  I  faidj  his  part.  I  have  now  added  the  Water,  to  help  for¬ 
ward  the  bufinefs ;  and  that  all  may  be  the  better  known  and  under- 
flood  at  lead:,  I  \’^’ill  add  another  Direflion  here ,  which  pery  one 
may  refufe  or  ufe  at  his  pleafure,  as  he  fhall  like :  And  this  is  ^rojc- 
Rively  without  the  Planifphere.  Therefore  now  again  fill  your  Vef- 
fcl  with  Water  as  full  as  it  muQ  be,  and  having  the  Axis  and  the  Hour 
points  found  and  placed  as  even  now  they  were,  you  may  on  the  pro- 
jeTing  fide  (that  is  on  that  fide  on  which  you  do  {land  when  you  pro¬ 
ject  any  point  from  the  Gnomon  to  the  Velfel,  or  on  that  fide  which 
the  Snn^  is  on  when  it  cafteth  his  fhadoW)  from  fome  fuperiour  poinfi 
of  the  Axis  (  or  from  the  Supreme  point  of  the  whole  Axis )  ffretch 
out  a  Thread,  and  with  your  Eye  rcpofe  it  and  the  Axis  and  the  poipt 
of  any  one  Hour,  all  three  in  one  )  and  in  that  fame  pofition  faften 
your  Thread;  this  done  find  upon  this  Hour  (by  your  Planifphere/ 
fuch  Altitudes  as  you  require,  and  from  the  Gnomon  s  point  infert 
them  into  the  new  fiifined  Thread  by  help  of  your  Semicircle  ,  and 
there  tie  Knots  upon  the  lame  'Phread  for  Marks :  Then  come  to  pro¬ 
ject  the  fame  Knots,  which  is  done  by  rcpofing  with  your  Eye  thofe 
fame  Knots  upon  the  point  of  the  Gnomon ,  and  in  that  pofition  both' 
thefe  points  will  be  repofed  alfo  upon  the  Tides  of  the  VefTel  within  the  ^ 
Water.  Obferve  therefore  where  thefe  Points  are  repofed  by  the  Eye^ 
and  upon  the  VelTel  Tides  (with  fome  Bodkin  or  Dent)  make  a  Mark; 
for  tliat  muff  be  tlie  projected  Point,  anfwering  to  that  upon  the  Thread 
from  whence  it  was  projected.  In  the  fame  manner  are  the  other  points 
to  be  projected  and  marked,  and  fo  you  are  to  deal  with  other  Hours 

U  U  U  U  tOO; 


I 


REFRACTIVE  DIALLING. 

too,  only  for  each  of  them  you  muft  place  a  new  Thread,  and  furnifh  it 
with  Knots,  as  before  was  done.  This  may  ferve  lor  Direftion  in  this 
way.  Other  ways  a  man  may  find  out  of  himfelf  as  necellity  lhall  put  him 
to  It,  and  therefore  I  will  mention  no  more  here. 

.  ’  t 

As  concerning  Azimuths,  it  may  be  obferved  that  they  only  of  all  other 
Circles,  fuffer  no  Refradion  by  Water,  becaufe  they  all  Rand  per¬ 
pendicularly  to  the  Superficies  of  it ;  and  therefore  they  are  already 
put  in  as  is  prefcribed  in  preparing  the  Veflel  for  the  reft  of  the 
Work,  both  for  Hours  and  other  Furniture:  for  in  both  thefe their 
help  is  requifite.  But  when  all  Infcriptions  are  made,  if  they  prove 
cumberfome  to  the  reft  of  the  Work,  by  filling  it  over-full ;  they 
may  then  in  fuch  Cafes  be  wiped  out. 


The  End  of  the  Thirteenth  TRACTATE. 


OF  t 

R  E  G 
P  L  AT 

(and  of  other  Polyhedron) 

B  O  D  I  E  S. 

V  I  ^  , 

The  manner  how  to  Cut  them  in  Wood  or  Stone, 
and  to  Furhijh  them  with  Sun  Dials.  - 

- -  ■  -  n  .1  .  ...I— .  I.  ,,  .  .  Il  W  Mii,  ■ 

Th  e  Fourteenth  TRJCTJTE. 


C  H  A  P.  I. 

Of  the  Five  Regular  (or  Platonick)  Bodies,  . 

N  this  Tractate  I  fliall  fhew  the  manner  how  to  cut  thefe  Five  Regtr-' 
lar  Bodies  in  Stone  or  Wood^  and  what  Dials  will  ferye  to  furniOi 
each  Body:  With  Tables  of  all  the  Requifites  and  Hour  Difiances  be¬ 
longing  to  each  Dial :  With  the  Qh afters  in  this  Book  which  fliews 
the  making  of  the  fame.  Alfo  the  defcription  of  another Rolyhe-> 
drony  or  Body  confifting  of  Plains  of  feveral  Sorts,  as  Triangles ^  and  Squares^ 
intermixed  :  Their  Declinations ,  Reclinations  and  Inclinations :  All  which 
Bodies  I  fliall  here  fhew  how  to  defcribe  upon  fine  Pafiboardy  in  flanOy  the 
vacancies  whereof  being  cut  away,  the  Plains  reprefenting  the  Body  lliall 
remain;  and  thefe  being  joyned  together  by  the  edges,  with  Glew,  fhall 
compleat  the  Body^  as  if  it  w^ere  cut  in  Stone  ;  Upon  each  of  which  Plains, 
you  may  draw  the  Dial  proper  for  the  fame,  and  cut  Stiles  of  Paftboardy 
fixing  them  in  their  due  place ;  And  by  this  means  your  fancie  will  be  much 
informed  concerning  the  harmony  there  is  between  the  Dials  of  fo  many 
feveral  Plains  upon  one  Body ;  as  to  fee  the  Stilesy  all  of  them,  to  be  Paral- 
lei  one  to  another,  and  to  point  diredly  to  either  of  the  Poles  of  the  World, 
Src. 

Tot 
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Of  the  HE  XAED  R  0  H. 


i  . 

<  For  Infiance  Then : 

To  which  I  m^  Adh,  0.  The  c:.t,  c2“l£i/i 


chap.  II. 

Of  the  Hexaedron  or  Cube. 

ure  IS  is  a  Solid  Body  confining  of  fix  Sides  Plains  m- R,r  l 


I.  How  to  Cut  this  Body. 


T  fpend  t'me  In  giving  any  direaions  for  the- cutting  of  rlv'c 

1,  Jjody  in  Stone  or  Wood,  it  beino-  n  RnHv  fn  i  ci  this 

cers  and  others ;  for  it  is  no  0*0^  han  a  PkS  1  WoT" 
exaaiyin  the  form  of  a  Gaminn  Dye 

Fig^e  r”“‘‘  “  difeovered  in 

Of  the  Dials  that  will  Turnijh  this  Body. 

ji  ' 

I 'HIS  Body  is  capable  to  receive  Five  Dials  the  fixth  t,  •  t 
•  Bafe  or  Foot  upon  which  the  Body  ftandeth  :  Sd  fo  if?"  r 
any  one  fide  to  behold  the  South  that  Plain  fliall  he  ranahl  ’ » 
the  South  Dial  and  the  fide  oppofi’te  thel^unto  a 

The  Other  two  Sides  fldal]  be  capable  to  receive  one  an  170/1-  a  \ 

other  a  Weft  Dial,  The  Defeription^  Making  and 
bed  in  Tradlate  1.  Chap.  XL  Fig.  IV  and  V.  ^ 

I’®  a  or  Horizontal 

the  Cube  to  look  towards  ’th^SouA  f  T^en  1^7®  a  Clock' H 

But  becaufethe  Examines  and  Tables  lO  tK  ■ 

Hot  made  for  North  and  Smith  Rhine  ^ XIII.  Clpptersare 

ing  to  this  Body  do  ")  but  fm-  ?  ^  niing  45  deg.  fas  thefe  belong- 

fert  a  1  able  of  die  ReadL  HaitsKnf  /  ^  therefore  here  in- 

north  and  South  Plains  declining  ^  d4  tl£rfoSrBod;'°"“‘“°  "  ' 


South 


OftheHEXAEDRON. 

South  and  North  declining.  45^  .  00”* 

Height  of  the  Pole  or  Stile  26  .  06 

Deflexion. 

29  .  20 

P/4/Vs  Diff.  of  Longitude, 

51  •  57 

• 

Subjlile 

0 

0 

0 

Subjlile 

o*^  oom 

9  L 

?  G  A 

J  •  1 

'  half 

o.S'  15 

Co 

half 
,  > 

6^.8 

« 

>s 

CO 

8  -  4 

10  2 

10  ^  ^ 

half 

6  u  59 

half 

7  5 

10’S  36 

11  I 

18  0  18 

half 

*4  0  33 

half 

23  D  20 

6  -  6 

19  ^  0 

‘  12 

29  w  20 

half 

24  §3  9 

half 

36-s  42 

S5 

“■Si 

30  1  19 

I  II 

45S  57 

Si 

half 

?753  55 

half 

57^  41 

4  S 

47 30 

?!! 

2  *10 

72  5  II 

haft 

57  g  j8 

half 

88  ^  46 

I  9 

74ffi 

173 
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The  Figure  of  this  Body  as  a  Solid,  is  deferibed  in  Figure  I,  and  as 
be  cut  out  in  Paftboard  alfo.  ,  In  which 


It  may 


A 

B 

The  PlainC 
D 
E 
F 


is  to  have 
upon  it 


An  Horizontal  Dial. 

A  South  Dial*  'lU  you  fet  one 
A  North  Dial  T  of  the  fides  to  be- 


AnEaft  Dial. 


A  Well  Dial. 

The  Bafe  or  Foot. 


hold  the  Souths 


But  if  one  of  the  Angles  behold  the  South :  then, 


The  Plain 


A 

B 

C 

D 

E 

F 


r  An  Horizontal  Dial. " 

A  South  Dial  declining  Eaft 
^  is  to  have  J  A  North  Dial  declining  Weft  45 
A  North  Dial  declining  Eaft  45 
A  South  Dial  declining  Weft  45 
The  Foot  or  Bafe. 


upon  It 


1 


*  •  1 


CHAP.  III. 

Of  the  Tetraedron. 


■ 


•j 


"T^H  E  Tetrdedron  is  a  Solid  Body,  containing  four  Bafes,  ind  four  Solid  Fiffuri 
1  Angles,  each  Bafe  or  Plain  being  an  EcjuiUterd  Triangle, 


J 


I.  Hoxv  to  Cut  this  Body  in  Wood  or  Stone, 


ON  any  Rough  piece  of  Stone  or  Timber,  make  one  fide  Plain  and 
Flat ;  upon  which  I  deferibe  an  Equilateral  Triangle  fo  large  as  the 
Plain  is  capable  of:  Then  fet  a  Level,  (or  cut  a  Templet  in  Wood)  to 

Xxxx  70  deg. 


7 
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Of  the  TETRAEDRON. 

70  deg.  min.  42  fee.  iind  Plain  another  fide  o£tlie  Piece  tn  fit 
the  other  fide  aod  the  Level,  making  his  feond  fide^althe  forme,  ^  Then 
cutting  away  the  lefidue  of  the  Wood  or  Stone  and  olanlncr  pi  ■ 

SSS*'  '"“■""■i  lIlS  TeJ'Zi 

“  ■>  “ » 1.= «n=.. 

II.  Of  the  Dials  that  will  furnijh  this  Body. 

MA  K  E  any  of  riie  Sides  the  Bafe,  as  G  in  Fia  TT  ,  •„  , 
three  Plains  each  of  them  Recline  ig  deo^’sS’mfo  Tr 
tiie-Angle  at  4  be  fet  towards  the  South  •  the  Plain  F  ’ 

Noi  th  Plain,  Reclining  as  before ;  and  the  Dial  will  h  ""'1  ^ 

reftions  in  Traa.  I.  Chap.  XVI.  Fig.  XIV.  ^i- 

The  other  two  Plains  will  be  capable  of  i 

capable  of  a  South  Dial  declining  Eaft  and  r  nf  .K  will  be 

ning  Weft  do  deg.  and  Reclining", „deg  "s  L 

ftrve  for-  both  thefe  Plains,  and  are  to  he  mfdn  J  ^  will 

and  Figure  belonging  tothefecond  Variety,  in  Tr^atef  ‘*"'«,^ions 
aodFigure  XVIII.The  Requifites  and  Horn-  diftV  u  .  XVII. 

Dials  are  in  the  Tables  following.  ' ,  ,  ^'^ances  belonging  to  which 


d  '  '' 

North  Re. 

19.28. 16 

Stiles  h. 

57 . 56  .i6 

12 

0^  oo»* 

yS 

‘>5; 

half 

d.S  22 

II  I 

half 

12^  48 

19  gj  21 

§ 

10  2 

'26 'S  4 

Si 

half 

33  s  4 

§ 

9  3 

40  ^  17 
47  G  50 
55^  44 
<^3?  57 

Si 

half 

8  4 

half 

7  5 

72  g  27 

half 

6  6 

8i;S  10 

90  00 

South  Reclining. - - 

Declining  Eafl:  and  Weft  a 

Dift.  between  Merid.  and  Hori  ^  '  °°  ‘ 
Arch  between  Plain  and  ’  °°  ’  - 

Height  of  the  Stile  35 -15 -52 

I 


19  .  28  .  16 
do . 00  .  oc 


Height  of  the  Stile 
Defie£lion 
Differ,  of  Longitude. 


'•Si 


Subftile 
half 

9  8 

half 

10  2 
half 

11  I 

half 

12 

half 

1  II 

half 

2  10 


00“  00^ 

0  G  4 

•  •-H  * 

^  4 

0>£?  10 
^  Ph  ^ 

i 

'O 

half 

0  0.55 

7  5 

0^  52 

•F* 

half 

M 

on 

M 

0 

'a 

d  6 

I  S332 

half 

2  G  0 

5  7 

^^^57 

half 

Si 

4  8 

5  G  0 

half 

8®  8 

1 

5  •  9 

19  26 

\  half 

50-55 
2.  ^6.  5^ 

4i 


00^ 
o  . 


00^ 
9  10 

0^25 

o  U41 
o  58 

1  §18 
A  ^42 

o 

2  C,I? 

2:^55 

4  c 

5  |5« 

10  ^  16 


f  r 


{■  .  1 , 
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CHAP. 


Of  the  OCTJEDRON. 


CHAP.  IV. 

/  ^ 

Of  the  Odaedron. 

TKE-Q^aedroffis  a.  Solid  Body  containing  eight  Bafes  and  fix  Solid.  Figure 
Angles ;  each  Bafe  or  Plain,  being  an  Equilateral  Triangle.  III. 

/ 

,  I.  How  to  Cut  this  Body  in  Wood  or  Stone, 

PRovide  a  FaralelUfi^edon  (or  Long  Cube)  If  the  breadth  both  ways  be 
looo.  let  the  Length  be  1.414:  Or  if  the  Length  be  500000,  the 
Breadth  both  ways  mult, be  ^5555^  Square  the  Piece  to  thefe  Meafures 
Exaftly,  and  divide  die  Length  and  Breadth  juft  in  the  middle ;  then  draw 
Lines  both  ways  at  all  the  -fix  Sides ;  and  alfo  the  Diagonal  Line  from  the 
midft  of  the  Length  to  the  midft  of  the  Breadth :  Then  cutting  away  the 
Wafte  by  thefe  Diagonal  Lines,  and  the  0  tine  dr  on  will  be  ^finifhed.  The 
Figure  of  this  Body  as  it  is  a  Solid,  and  alfo  as  it  is  to  be  cut  out  in  Pafte- 
board  you  have  in  Fig.  III. 


n.  Of  the  Dials  that  will  Furnijh  this  Body. 


TH  E  Body  being  thus  prepared.  Let  the  Angle  of  that  which  you  let 
for  the  Horizontal  Plain,  be  towards  the  South ;  and  then  the  fame 
Dials  which  furniflied  the  Tetraedron  will  ferve  this  Body  alfo  :For  onefhall 
be  a  South  Inclining,  and  his  oppofitea  North  Reclining  19  deg.  2^8  min.  16 
fee.  And  the  two  South  declining  60  deg.  and  reclining  as  before ,  will 
have  their  oppofite  NorthDeclining  and  Inclining  as  much ;  So  the  Dials  and 
Requifites  being  the  fame  as  in  the  foregoing  Tables,  it  were  needlefs  here 
again  to  repeat  them. 

So  in  Figure  III.  If  you  fet  the  Angle  *  of  the  Horizontal  Plain  P  to  be¬ 
hold  the  South :  Then, 

S'  ' 

M 

*lsouth  declin.  19* 


The  Plain  <5  ^  ^ 


J  South  Plain  Inclining' 
cNorthPlain  Reclining 
^  JSouth  declin.  Eaft 


28’ 


a 

N 

R 


jNorth  declin.  Eaft 


iNorth  declin.' Weft  Inclining. 


Figure 

IV. 


T 


CHAP.  V. 

» 

Of  the  Dodecaedron. 


\ 


H  E  Dodecaedron  is  a  Solid  Body  confifting  of  twelve  Sides,  and  twen¬ 
ty  Solid  Angles,  each  Bafe  being  an  Equilateral  Pentagon. 


I«  How 


Of  the  DO  DEC  JED  RON. 


I.  How  to  Cut  this  Body  in  Wood  or  Stone. 

'■'P'Ake  a  Piece  of  Round  Stone  or  Timber,  and  if  you  make  the  Di, 
J_  meter  thereot  to  be  looooo,  then  the  length  thereofmuft  be  o 
Or  the  proportion  of  the  Diameter  to  the  length  of  the  Cylinder  muft  h’’ 
as  4.906  to  J.973  :  This  Piece  being  now  a  perfeft  Cylinder,  exactly  Ttim’ 
ed,  and  the  ends  Plained  ;  divide  the  Circumference  of  the  two  ends  nr 
10  equal  Parts,  and  by  thefe  Divifions  draw  Perpendicular  Lines  from  Dl 
vifion  to  divifon  at  either  end  along  the  Cylinder,  Hewing  or  PW 
away  all  the  Stone  or  fimber  that  is  between  Line  and  Line;  fo  will 
Piece  be  a  Solid  of  10  equal  Sides.  '  f 

Then  making  the  whole  Diameter  of  the  Circle  at  that  end  of  vonr 
y  inder  to  be  1,000.  take  0.^9  of  thofe  Parts  in  a  pair  of  CompalTes 
and  with  tliat  diftance  on  the  Centers  at  each  end  of  your  Piece,  defer  be’ 
twoCirete;  and  if  from  Angle  to  Angle,  (each  to  his  oppofites)of  your 
ten  fided  Pigures  at  each  en^  you  draw  Lines,  thofe  Lines  fliall  give  w 
Points  upon  tlie  two  little  Circles  whereby  to  deferibe  two  PeJaJof 

mher  *  PUms,  Equal  and  Parallel  to 'each 

r!,3*^^n-  tlms  prepared;  for  the  other  lo  Plains  do 

thus.  Divide  the  length  of  your  Cylinder  i.nto  i.oooo  equal  Parts  anK 

out  of  them  0.5  821,  vvhich  diftance  fet  from  the  two  ends  of  the  Piece 
upon  the  10  Angles  ot  the  Piece  ;  and  draw  Lines  from  Point  to  Pdne 
round  about  the  Piece  ;  fo  will  there  remain  (of  the  length  of  tlie  Cv 
hnder)  between  thefe  two  Lines  drawn  about  0.25  58  pa.tf  of  Se  £2; 
I.oooo.  Laftly,  Lines  drawn  Diagonally  upon  all  the  10  fides  of  the 
Piere  will  direa  you  what  to  cut  away,  and  tocompleat  your  Body  •  The 

exaftnefs  whereof  you  may  examine  by  cutting  of  a  Bevel  or  Temoiet  to 
an  Angle  of  1 16  deg.  5  5  min.  54  fee.  ° 

P  as  a  Solid  ;  and  alfo  how  to  be  deferibed  unon 

Paiteboard  you  have  in  Fig.  IV.  uciciioea  upon 

If.  Of  the  DMs  which  will  furnijh  this  Body. 

r  HIS  Body  confining  of  12  Plains,  hath.oneof  them  for  its  and 
the  oppofite  Plain  thereto  will  be  capable  to  receiv'  an  Untlf.i 
Out,  as  the  Plain  P  in  Figure  IV.  Then  if  you  wfi  fet  the  d  r 

1  Tp/®‘"  I’  “  bS  about  titat  Hoilzoif 

tal  Plain  five  other  Superiour  Plains  namely  the  Plain-  Tvwv^ 

c -“r““ 

??  min  -  r  >  >  f  ^  ^  ^  V  as  much,  namely  26  deg. 

r  J rt  r^^orth  Plain  Reclining  ^ 

'ri  declin.Ealf  ?  V  ,  ,  f 

MtsKthdeelimWeft,  ,  ,  ,  i% 

SY  ^  >North  declin. Baft i 7'2 ^ and  rcchn.  J - ^  •  3 ?  • 


y\nd 


Of  the^D ODECA EDRON. 

And  the  five  inferior  Plains  X  M  ABC  oppofite  to  thefe  Superiour  Plains 
fliali  Incline  and  Deoline  anfwerable  to  the  five  Superior ;  fo  that  the  fame 
Dials  will  ferve  for  both  Faces,  the  Requifites  belonging  to  them  with  the 
true  Hour  diftances,  are  exhibited  in  the  three  following  Tables. 


'N.  Re.  ?  _  / ,  ,-,1  f  .n 
S.Inc!.r'^‘'-55-54 
Stiles  h.  65.  1.54 

12 

half 

00^  00’” 

6.548 

• 

r  II 

?9 

halt 

20  u  ?  5 

2  1 0“ 

27-558 

half 

34  o49 

3  9 

42  ^  12  ■ 

.  ^ 

halt 

4  8 

49  I41 
57S3° 

35t 

half 

65  00 

5  7 

73  =32 

halt 

81  3344 

1 

6  6 

90  00 

>» 


Morth  Reel.  26^/.  and  J')cd.j2d, 

Arch  ofthe  Plain  between  the  Me-7 
ridian  and  Horizon.  ^ 

A.  ofthe  Me.  betw.  PI,  and  Zenith.  5§  i  16 .  57 
I'he  height  of  the  Pole  or  Stile  3  i  .'  28 . 20 

DefleQ;ion  82.  4.40 

Differ,  of  Longitude.  85 . 50 . 41 


•<1. 

Co 

-Si 

■i>* 


Stihjiile 
6  6 
half  . 

7  5 
half 

8  -  4 

■  half 

9  3 
half 

10*2 

half 

i  I  I 

half 


00^ 

2  .c  lo 
6  9 

10%  17 
14’S  41 

19  ojo 

24  S  55 

-IT  ^  If 

5*57 

38,^26 

47^  9 

693351 

37 


at 

=0 

-Si 


Subjiile  100“^ 


’  ha/ 
4  8 
half 

^  half^ 
2  io 
half 

I  II 

half 

12 


00^ 

1 .942 


5^4? 

9  9.49 
14  12 

18 


^48 


24  ^ 


18 


?o  I  25 

37f^35 

46^0  5 

56  3  22 

68  |ij  26 

85  5 


South  De.  26^  ^  j' 54"  Re.  i6d  d  o' 
The  Ar.  of  the  PL  between^  ^ 
the  Mer.  and  the  Hor.  j  ^  00 

The  Ar.bet.Pl.and  Ze.  31  43  2 

The  height  of  the  Stile.  5  -  44  ^5 
Defledion.  ^  3  SS  3^ 

Plain’s  Difference  of  Longit.  3 1  53  40 


-Si 

Co 


sa 

V. 

as 


Subjiile 

10  2 
half 

11  I 

half 

12 

half 

1  II 
half 

2  10 
half 

^half^ 


1 00^  00^ 

Subjiile 

00. G  II 

half 

00^  57^ 

>s 

CO 

01  a>  44 

-Si 

halt 

02*^  36 

00 

03  gJ4 

half 

04  G  41 

7  5 

06  w  06 

half . 

0 

07  g  57 

6  6 

1 0  3  d 

half 

14(5  5J 

v-> 

23  3  15 

V. 

it 

•  halt 

He 

00 

j 

j 

i 

00 


W 


4  00 

OO.S84 
01^20 
2  <u09 
J-Soj 

4  g 

05  g^21 
06  ^  56 
09  B07 
12  tS  26 

i8-3ij 
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Of  the  ICO  SARD  RON. 


Figure 

V. 


,  CHAP.  VI. 

'  Of  the  Icofaedron.  . 

The  is  a  Solid  Body  confifling  of  20  EqukI  Sides,  or 

Bafes,  and  12  Solid  Angles;  each  Bafe  being  an  Equilateral  Tri- 

I.  Hovp  to  cut  this  Body  in  Wood  or  Stone, 

P Repare  a  Round  Piece  of  Stone  or  Timber,  and  if  you  make  thp  Dl 
ameter  thereof  to  be  i.oooo,  let  the  leng*  therX  X  oS 

■laier  Krms  if  the  Diameter  be  4910,  let  the  length  be  5074  Then  T 
vide  the  ends  of  the  Cylinder  into  6  equal  Pari,  makShe  t wo  end  ' 
two  Hexagons  or  figures  of  6  equal  fides,  drawing  lines  down  die  fidt’ 
and  Plaining  away  the.  Refidue  between  Line  and  Line.  Then  makinir’ 
5000  the  former  S^idiameter,  now  to  be  i.ooo,  take  616  of  thofe  Party 
and  on  the  .two  Centers  at  each  end  of  the  Piece  defcrihe  rwn  ’ 

von’fWI^h  drawing  Lines  from  each  oppolite  Point  of  the  fix  fided  fic^^es' 
you  mail  have  Points  in  the  fmaller  Circle  whereby  to  draw  twn  T.  :,  ’ 

glc.  for-wo  Safe  o,  Pl.i.,  of  v.or  Bod,,  Equal  i  P.'aS  JS 

Then  making  the  length  of  the  Piece  to  be  i.ooo  fet  ..a  . 

upon  the  edges  of  the  Piece  from  each  end,'  and  by  thofe  PoinMraw  iTnel 
round  the  Piece,.  I^ftly,  Diagonal  lines  being  LZvonMthcl>tr^ 

^all  direa  you  how  to  St 
fiS  r  5'ou  cut  a  Bevel  or  Temple/to  an  Angle  of 

i.  mSfmM  *  “  "fyo'ii'Bodyihao 

hIS:  “  *"■» ■”  “  "i»”  Me- 

II.  Of  the  Dials  which  will  furnifh  this  Body. 

THis  Body  confifting  of  20  Plains,  of  which'  one  beina  made  the  Font 
or  Bafe,  its  oppofite  Plain  will  be  capable  to  receive  an 

doexhibite!^  ^  Several  Tables  follolinf 
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Of  the  C  A  N  TE  D  C  UB  E. 


/ 


CHAP.  VIl. 


Of  a  Regular  Polyhedron,  called  the  Canted  Cube. 


1  HIS  Body  xonfifts  of  which  26  Plains,  oF  '16  are  Geometrical 
Squares,'  and  8  are  Equilateral  Triangles,  the  Tides  of  both 
being  equal.  - 


I.  To  Cut  this  Body  in  Wood  or  Stonei 


I  r  ’  .1  A  7 .  )  .  • .  '  ‘  ,  ,  ■ 

iRepare  a,  ^ardlellipfedon^  or  liong  Cube  ;  and  if  you  make  the  fide  of 
__  the  Square  at  the  Ehd  to  be,  9000,  the  length  of  the  depth  of  the 
piece  muff  be  7244:  Then  divide  the  Tides  of  the  Squares  “'^t  each  end 
of  the  Pjece  into  ^  equal  Parts,  To  will  each  of  them  contain  9000  Parts, 
and  from*  the  ends  of  thefe  lines,  draw  lines  doWn  the  fides  of  the  Piece, 
Then  take  2122  of  thofe  Parts,  and'fet'them  upon‘all  the  Tide  lines  from 
both  ends,  gageing  lines  round  about  the  Piece  ;  To  fliall  you  have  lines 
to  direfl  you  to  cut  the  Body  at  8  Cuts :  called, 


Icofahexaedron  or  Hexicofaedrdn. 


II.  Of  the  Dials  proper  for  this  Body. 


Efigning  the  Square  Plain  for  the  Horizontal  Dial,  and  Tetting  any  of 
the  Angles  thereof,  as  that  marked  with'  9  ,  to  behold  the  South, 
then  wdll  the  four  fuperiour  TriangnUr  VUins  BCD  and  E  anfwer 


to  the  four  Cardinal  Points  of  the  Horizon,  namely  to  the  North 

and  South  Points,  and  all  of  them  will  Recline  ^  5  deg.  And  the  four  in- 
feriour  Triangular  Plains  F  G  H  and  K  will  Incline  as  much,  and  To 


The  Plain 


j^^will  be  a  dire6l^^^J^|^^Dial  Reclining  55  deg. 


>D 


^will  be  a  direfl^^^^^J^I-Dial  Reclining  3  5  de 


E 


cr 

O’ 


The  four  inferior  Triangular,  Plains  F  G  H  K,  wilfbe  Eaff,  Weft,  North 
and  South  Incliners  3  5  deg.  and  the  Dials  of  the  Recliners  will  Terve 
'  for  the  Incliners. 

_  •“ 

.  The  four  Superiour  Square  Plains  L  M  N  and  O,  will  be  Recliners  Decli- 

ning  ;.For  each  of  them  do  Recline  45  deg.  and  Decline  as  much, 

■  i  •  ‘ 

’Ml  r  South  declining  JEaft  ,7 

be  a<J  _  .  ^  J>4, 5 degrees 

.  £  O  I  declining 

Zz  z  z 


The  Plain  ■ 


The 


18 
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Of  theC ANTED  CUBE. 

The  Four  inferiour  Square  Plains  YZ^J  will  be  South-Eaft  SnmF- 
Weft;  North-Eaft,  and  North-Weft;  Declining  4 5 demand 

45  shO)  and  the  Dials  for  the  Superior  or  Recliners  will  ferve  for  their 
oppofite  Inchnersaifo:  meir 

Andof£,^‘^'’‘  ^^^STVWX,  are  all  Ered Plains, 

r  South  1' 

The  Plain  is  anErcQ:  Diredly^^^jj’^piain’ 


'Weft 


And 


\\TrA-  «  ^  JEaftward 

The  Plain ”  IWeftwardl  ,, 

)W ^ chmng  from  the  “)North  i'Eaftward  <>45  degrees . 


X 


6  Weft  ward 


“P°"  ®°dy>  befides  the  Safe,  and  i 

thefe  you  have  Examples  of  all  forts  of  Dials,  vL  ■  ’ 


’Ere£i:  Dircft 
Declining 

SDireft  Reclining,  and  Inclining 
Declining,  Reclining  and  Inclining 


Tlains. 


The  End  f  the  Fourteenth  T  R  ACT  AT  E. 
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S  U  P  P  t  E  M  E  N  T. 

BE,ING  A  BRIEF 

EXPLICATION 

>  OF  A- 

Pyramidical  D  I A 

Which  was  fet  up  in  the 

KING’S  MAJESTY’S  Privy  Garden 

WHITE-HALL, 

.ANNO  1669. 
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A  General  Defcriptton  of  the  fever  al  ^arts,  of  which 
the  Pyramid  (or  Body)  was  compofed. 

r  •  *  I 

,  < 

This  Dial  Handing  on  a  Pillar  or  Pedeftal  of  Stohe,  confifts 
chiefly  of  Six  Parts  or  Pieces ,  one  lefs  than  another,  and 
placed  one  above  another  in  Form  .of  a  Fyrmis ,  as  in  the 
Figure. 

Of  the  Firji  Piece. 

The  fir  ft:  andlargeftof  thefe  Six  Pieces,  is  a  Round  Table  of  about 
40  Inches  in  Diameter,  and  fome  8  or  9  Inches  in  Thieknefs  : 
The  Edge  whereof  is  cut  into  20  equal  Plains,  which  being  made 
hollow  likefo  many  Boxes  of  an  Inch  deep,  are  covered  each  of  them  with 
a  clear  Polifhed  Giafs ;  and  oh  the  inTideof  cachGlafs  is  defcribedaDial ; 

'  .  ‘  _  whereof' 


Ihe  I)  I A  hi  Defcribed. 


whereof  fome  of  them  fhew  the  Hour  according  to  the  Ancient  of 
manner  of-counting  the  Hours :  Others  according  to  the  countintr  ufed  hv 
the  Bahjlomms:  Others  according  to  the  Itatims  :  Others  accordincr  to  the 
way  ,01  counting  ufed  by  ;  And  la%  others  fiiew  wInrHo  r 

■  It  IS  according  to  our  ufualand  ordinary  way  of  counting  the  Hcur'ii'-cH 
moll  parts  of  £«r/,fe.  Thcfe  20  Dials  'tlius^defcribed  on  the  Fd  e  of  d  s 
Table  or  Firft  Piece,  are  all  Vertical  Declining  Dials  ;  wltt  sVilSr 
Cnomonis  eit.iec  aLions  Paw,  or  Unicorns  Horn,  or  fuchlifcc,  reIatin<no 
His  Viaicfty  s  Arms,  and  painted  on  the  bottom  of  the  Fox  ° 

^  Moreover  upon  the  upper  Part  of  this  Table,'  are 'placed  Eight  Re-lin  ' 
■mg  Dials,  all  made  hollow,  and  covered  with  Folilhed  Glafs  ]ikc'’tl'ie 
foimei,  but.Qiffer  chiefly  in  this  ;  that  they  fhew  only  the  ufualHour  in 
different  svays  :  One  of  them  Ihewing  the  Hour  by  tte  Shade  of  the  Sti  e 
fading  upon  the  Hour-Lines  ;  Another  by  the  Shade  of  the  Hou  T  intc 

Hlhng  upon  the  Stile  :  A  Third  withoupany  Shadeeither  of  Hour-Lin^ror 
btile,  *  •  .  -  -  .  . . 

fl:and_aIfo  4  Globes,  cut  into  feveral  Panes  :  Upon  one 
of  which  Globes  are  defcribed  leveral  Dials  belonging  to  Geography  •  On 
,  another,  Diais  belonging  to  Aflronomy  ;  the  Third  Dials  lhe“win/feve 
ra  things  appertaining  to  Aftrology,  as  what  Planet  Reigns  every  Houi- 
The  Horofeope,  Afpedof  the  Sun  with  the  Stars  y  oui  . 

There  are  alfo  belonging  to  this  Piece,  and  iffuing  out  of  the  Sides 
thereof  towards  the  haft,.  Weft,  FJorth,  and  South,  Four.  Iron  Branches 

Sm  ways'"  '  dTf! 

Of  the  Second  Pieces  '  ■  ’  '  '  ' 

H  E  Second  Piece  of  the  Pyramis  is  alfo'a  Round  Table,  almofl; 

'  I  Ek-  the  toimer  but  fomewhat  lefs,  having  only  50  Inches  in  Dia- 

F  ftands  upon  the  Firft,  held  up  by  Four  Iron  Sunml 

this  Table  is  cut  into  16  Equalpfa^ns 
all  made  hollcm',  and  coyeredwith  Glafs,  like  thofe  of  the  Fn-ft  TaUe’ 

F“”’}fy//«Fom  them  in  this,  that  here  the  Dials  are  not  defcifbed  on 
the  Glaft  Covers,  but  on  the  bottorn  of  the  Boxes  :  Neither  dothey  lhew 
the  Hour  but-  the  different  Rifings  of  the  moft  remarkable  Stars  aS 
mg  to  the  three  manner  of  Rifings  obfervedby  Aftronomers,  Uri  Cof- 
mical  the  Acronycal,  and  the  Heliacal  Rifing.  The  Style  to  tl  efe  Dials  ifa 

,SS;s£“'”"  *' 

M  Eiece  ilTue  out  Four  Branches  towards  the  Baft  ' 

Wert,  North,  and  South  and  carry  on  each  of  them  a  Glafs  Boultoflrew 

of  the  Firft  Piece,  but  in  a  different  way.  For  one  of 
d  emfheu'sthe  Hour  by  a  Style  without  a  Shadow,  another  ftew“itX  a 

bv  'Whereas  thofe  of  the  Firft  Table  fliew  it 

by  the  Four  Elements,  Fire,  Air,  Water,  Earth. 

n  Table  are  placed  Reclinincr  Planpc 

.Four  whereof  me  covered  each  of  them  with  a  Plate  of  LS/Gkf  ’' 
.on  which  the  Hour  Lines,  or  Style  of  the  Dial,  being  painted  arSe 

^"‘'Fning  Plains,  of-the  Third  Piece,  and  there 


Other 
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Other  Four  have  all  Dials  upon  them,  wjiich  are  to  be  feen  each  of 
them  in  a  Looking  Glafs  placed  upon  the  faid  bottom  Inclining  Plains,  of 
the  Third  Piece. 


Of  the  Third  Piece.  > 

% 

TH  E  Third  Piece  of  this  Pyramidical  Dial,  is  a  great  Iiollow  Globe,  ■ 
of  about  24  Inches  in  Diameter,  and  is  placed  immediately  with¬ 
out  any  Supporter  upon  the  fecond  Piece.  The  Superficies  of  this  Globe 
is  cut  into  26  Plains,  two  whereof  being  Ootogons^  ferve  for  top  and  bot¬ 
tom  ;  the  reft  are  divided  into  8  equal  Reclining  Plains,  8  equal  Inclining 
Plains,  and  8  equal  Vertical  or  Upright  Plains.  Thefe  Plains  are  all  of  ,fr 

them  made  hollow,  like  thofe  of  the  firft  and  fecond  Piece.  Theincliners  ’ 
are  not  covered  with  Glafs,  but  left  open,  that  they  may  the  better  re- 
ceiveand  ftiew  the  Dials  RefleQied '  from  the  fecond  Piece.  ^ 

Two  of  the  8  Upright  Plains  looking  towards  the  North,  have  no  ^ 

bottoms,  but  are  covered  only  with  clear  Glafs ,  as  ferving  only  for 
Windows  to  look  into  the  Globe,  and  behold  there  the  Dials  defcribed  on 
the  Globe,  which  are  feen  as  well  without  the  fame,  as  within.  The 
other  6  have  not  only  each  of  them  a  cover  of  clear  polillied  Glafs, 
with  a  Dial  defcribed  thereon,  like  thofe  of  the  firft  Piece,  but  have  al- 
foa  Glafs  for  their  bottom,  which  Glafs  is  thinly  painted  over  with  White 
Colour ,  to  the  end  the  ftiade  of  the  Hour  Lines  ,  drawn  upon  the 
Cover ,  may  be  feen  as  well  within  the  Globe  as  without.  On  thefe 
botrom  Glaffes  are  drawn  feveral  -Figures,  holding  either  a  Scepter  or  a 
Truncheon,  or  the  like ,  the  end  whereof  points  the  Hour  you  look 
for. 

Twoalfo  of  the  Recliners  looking  towards  the  North,  have  only  a 
Glafs  Cover,  ferving ‘for  a  Window  to  look  into  the  Globe.  The  other 
6  have  a  double  Glafs ,  like  the  former.  Their  Dials  are  fome  drawn 
upon  the  Cover ,  others  upon  the  bottom,  but  all  fo  contrived,  that 
the  Hour  cannot  be  known  by  them,  but  only  by  looking  within  the 
Globe. 

Moreover,  From  the  top  of  this  Globe  iflue  4  Iron  Branches  towards 
the  four  paits  of  the  World,  each  of  them  carrying  a  Glafs  Bowl,  pro- 
portionably  lefs  than  thofe  of  the  firft  and  fecond  Piece  ;  on  which 
Bowl  are  alfo  Dials  defcribed,  but  different  from  the  former ,  (hewing  the 
Hour  according  to  the  feveral  ways  of  counting  the  Hours.  Thefe  Bowls 
are  painted  on  the  infide  with  thick  Colour,  to  keep  out  the  Light,  ex¬ 
cept  a  little  place  which  is  left  clear,  like  a  Star,  for  the  Suns  Beams, 
to  pafs  thorow  and  fhew  the  Hour,  and  the  place  alfo  where  the  Hour 
Lines  are  drawn,  only  painted  on  the  outfide  thinly  with  White  Colour, 
that  the  light  of  the  Sun’  palling  thorow,  the  faid  5tar  may  be  feen  and 
(hew  the  Hour. ' 


0/  ■ 


Aaaaa 


The  DIAL  Defcribed. 


Of  the  Fourth  Piece,. 

HE  Fourth  Peice  ftandingon  the  aforefaid  Globe,  and  held  up  by 
JL  tbe  four  Iron  Supporters,  like  to  thofe  which  hold  up  the  fecond 
piece,  but  proportionably  lefs,  is  alfo  a  Round  Table  of  about  20  inches 
Diameter,  and  6  in  thicknefs.  The  edge  of  this  Table  is  cut  into  12  e- 
qual  Superficies,  not  plain  as  heretofore,  but  concave  like  fo  many  con¬ 
cave  6'emi-Cylinders ;  on  each  of  which  is  defcribed  a  Dial,  which  il:6ws 
the  ufual  Hoitr  by  the  fhade  of  a  Flower  de  Luce^  fixed  at  the  top  of  each 
Semi-  Cylinder. 

From  the  top  of  this  Table  ilTue  forth  four  Iron  Branches  carryino- each 
aGlafs  Bowl,  juft  like  thole  of  the  Firft,  Second,  and  Third  Piece,  though 
proportionably  lefs.  The  Dial  defcribed  on  thefe  Glafs  Bov/Is,  difter  fre^ 
thofe  of  the  Third  Piece,  not  only  becaufe  they  fhew  only  the  ufual 
Hour,  but  alfo  becaufe  here  the  Hour  Lines  are  all  left  clear  for  the  Suns 
Beams  to  pafs  through;  that  by  fo  palTing  they  may  exhibite  the  like  Dial 
on  the  oppofite  fide  of  the  Bowl ;  which  fide  is  for  that  purpofe  thinly  paint¬ 
ed  over  with  White  Colour,  that  the  faid  Hours  maybefeen,  andft'ew 
-their  Hour  by  their  pafting  over  a  little  Star,  painted  in  the  middle  there¬ 
of. 

Of  the  Fifth  Piece. 

TH  E  Fifth  Piece  ftanding  upon  the  Fourth ,  and  held  up  alfo  by 

fouiTron  Supporters,  is  a  Globe  of  about  four  Inches  Diameter 

whofe  Superficies  is  cut  into  Fifteen  Plains,  eight  whereof  are  Triangles 

Equal  and  Equilaterial  ;  the  other  fix  are  Equal  Squares.  The  Dials 

feribed  on  thefe  Plains  fhew  only  the  ufaul  Hour,  by  the  ftiade  of  a  Flower  de 

Lucey  faftned  to  the  top  or  bottom  of  each  Plain. 

« 

Of  the  la^  or  highefi  Piece. 


higlieft  Piece  or  top  of  the  Pyramid, is  a  Glafs  Bowl  of  feme  feven 
X  Inches  Diameter,  ftanding  upon  a  foot  of  Iron  placed  on  the  mid¬ 
dle  of  the  Fifth  piece.  The  North  fide  of  this  Bowl  is  thinly  painted  over 
with  White  Colour,  that  the  fliade  of  a  little  Golden  Ball  that  is 
•  placed  in  the  middle  of  the  Bowl,  may  be  feen  to  pafs  over  the  Hour 
Lines,  which  are  drawn  upon  the  faid  White  Colour,  and  note  the  Hour 
The  Bowl  IS  included  between  two  Circles  of  Iron  guilded,  withacrofs 
nnthe  top*  A.nd  thlis  much  concerning  this  Pj/rAwitiicAl  D/4/ in  general. 


The  DIAL  Defcrihed. 


1.  Of  the  Twenty  Vertical  Dials  defcrihed  on  the  firfi  Piece: 


Lion  -n.  ~\LLour  hy  the^  Paw  of  the  Lion, 

pour  of\PLtirp  with  tt  if  i  n  //f^dow  of  the\Top  of  the  Scepter, 

thofi  )  Scepter  i‘y’^!'Xyyy>=«SI’Vunaduvmyr^4aiBowerdi 

^  ^  «Ja,  .  /  upon, he  <  Luce. 


Dials  '\Flower  de  Luce 
have  a  //Unicorn 
.Lion  alfo 


.Lions  Paw, 


I 

II.  Of  the  Eight  Reclining  Dhls-^fianding  upon  the  Fir§l  Piece, 
Thefe  four  KccYmtvs  rvhtch  fi/tndufonthe  South  fart,, 


The 


'Firli 

)Second  (Shervs  the 
)Third  (hour 
.Fourth 


k 

By  the  Stile  faj^ng  over  the  Hour  JJmt, 

Both  by  the  Shadorv  of  the  Hour  Lines  fAffing 
over  the  Stile. 

By  the  fhadojv  of  the  Stile  faffing  over  the 
Hour  Line.^  and  the  Hour  Lines  over  the  Stile, 
Without  fhade  either  of  Stile  or  Hours, 


Thofe  four  Recliners  Jlanding  on  the  North  farty 

nFirll  ^Tou  fee  the  Hour  Lines,  but  no  Stile, 

T  I  (Tou  fee  the  Stile  but  no  Hour  Lines, 

ttt  ^‘yyjjfjrd  ^Tou  fee  neither  Stile  nor  Hour  lanes, 
CFourthjTou  fee  both  Hours  and  Stile, 


III.  Of  the  four  Glafs  Bowls  which  fianil  upon  the  FtrU  Piece. 

Thefe  four  Bowls  Jhew  the  common  Hours  by  four  different  ways  :  viz. 

By  af flying  jour  Finger  to  the  Meridians, 

'irll  ^  cFire  ^By  the  Rays  of  the  Sun  f  affing  through  the 
*Th  Jl  jWater  v  Water^ 

*^hird  ObjeBs  made  in  the  Globe,  and  refopng 

, Fourth  C  ^Earth  J  your  Eye, 

By  a  Terrefial  Globe  defcrihed  uf  on  the  Bowl, 


The  DIAL  dejcrthed. 


IV.  Of  the  four  great  Globes  ftanding  on  the  Firji  Piece. 

EAch  Globe  confifteth  of  32  Plains,  of  which  20  are  Equilateral 

ana  fome  of  the  Pentagons  alfo,  and  the  Stiles  of  thef?  Dials  are  a  lharp 
pointed  Iron,  perpendicularly  ereQed.  ^ 

% 

Of  thefe  Dials  defcribed  on  the  FirB  Globe 


'  * 

^  time  ofRifmg  or  6  a  Clock ^ 

Some  fierv  in  whit  "  *1’”^  “f  <"■  Mid-day. 

fart  of  the-  WorldW!  "  'P  ^  ^ 

Alt  u  MtcLnight  or  12  a  Clock, 

^  ^The  Sun  is  in  the  Zenith, 

The  Dials  upon  the  20  Triangles  fhew  what  a  Clock  it  is  in  divers  other 
Countrys  in  the  World.  °  '  *t  is  m  aivers  otlier 

Of  the  Dials  drawn  ufon  the  Second  Globe^  fhew 


or  difiance  of  the  Sun  from  the  South, 

Some  of^t  Almicanter  or  degrees  of  Altitude, 

them  Jjjdf 

he  Suns  Setting, 

•  (Vk  of  rifmgfrom  the  Eafior  WeB. 

'^The  Day  of  the  Month,  Srci  '  '  ' 

I 

“  Of  the  Dials  defcribed  upn  the  ThirdGlobe, 

This  Globe  confifteth  of  20  Equilateral  Triangles,  fome  whereof  are 
made  hollow  like  Cones,  the  reft  left  Plain.  ^  ^ 


The  Dials 
fhew  by 

the  fhadow^  fie  Hat  ion, 
of  the  Stile 


Begins  to  Rife, 

Begins  to  Set,  ^ 

What  Con^  ;  Meridian, 

Is  jufi  EaB  or  Well, 

Is  in  our  Zenith, 

Will  hejuH  Eali  or  Well  at  ZatNhht 

Willhe  pHSouthat  Z  at  NtQht, 


The  2)  /  A  L  dejcrihed. 

-  *  *  *  . .  " 

Of  the  Dials  upon  the  Fourth  Globe. 

This  Globe  (^as  the  former)  confifts  of  20  Equilateral  Triangles;  and 
i  he  Dials  defcribed  upon  them, 


Shew  by 
the  Shadow  < 
of  the  Stile 


^What  Sine  is  afcending. 
What  Sine  is  culminating. 


TT'  ■ 


What  Sine  is  defcending. 

In  which  of  the  1 2  Houfes  the  Sun  is.  f 

What  Planet  Reigneth  any  day  of  the  Week, 
What  fixed  Stars  are  in  Conjunction  with  the  Sun. 
What  AJpell  the  Sun  hath  to  fixed  Stars, 


V.  Of  the  Dials  on  the  edge^of  the  Second  Piece., 

The  Dials  defcribed  upon  the  edge  of  this  Second  Piece, 

rCoJmical  ^ 

Shew  theAAchronical  >Rifing  and  Setting  of  the  fixed  Stars. 
L  Heliacal  J 


‘.’O 


VI.  Of  the  8  Reflefted  Dials,  placed  on  the  top  of  the' 

fecond  Table. 

•  I  .  ^  \  ‘  .  'I 

The  DiaE  made  upon  the  top  of  this  fecond  Table,  being  high  and 
above  the  Eye,  are  made  by  Refleflion for  the  Dials  drawn 
upon  the  Inclining  Plain,  the  Stile  being  a  flower  de  Luce,  painted 
upon  the  Looking-glafs,  placed  on  the  Table,  appears  not,  but  only  the 
fhadow  thereof  appears,  which  being  Refle8:ed  upon  the  Hour  Lines, 
drawn  on  the  bottom  of  the  Globe,  fhews  the  Hour. 


VII.  Of  the  Four  Dials  fupported'hy  the  Four  Branches 

Of  the  Second  Piece.  ■ 

f 

r  g'  IHefe  four  Dials  are  drawn  upon  four  Glafs  Globes,  of  about 
I  five  inches  Diameter ,  andj  fhew  the  ufual  Hour  for  feveral 
ways. 

The  Firft  fliews  the  Hour  by  moving  the  Stile  (which  here  is 
a  Flower  de  Luce  fixed  on  a  moveable  Equator)  to  and  fro  till  it 
call  no  fhadow:  upon  the  Globe ;  fo  fliall  the  Equator  .  reft  upon 
the  Hour.  .  , 

The  Second  fhews  the  Hour,  by  obferving  where  the  part  of  the 
Globe,  enlightned  by  the  Sun,  meets  with  the  part  not  enlightned,  for 
that  will  be  at  the  true  Hour.  ,  , 

The  Third  fliews  the  Hour,  by  the  fliadow  of  a  Stile  perpendicularly 
eredled  upon  the  Superficies  of  the  Globe. 

B  b  b  b  b  The 


The  DIAL  dejcribed. 

The  Fourth  ftews  the  Hour  by  placin-  of  your  Body  fo\s  to  heiioJd 

your  Face  in  the  middle  of  a  little  Convex  Looking-dars  chred 
for  that  purpofe  in  the  South  Pole  of  the  Bowl  or  Globe^  vou^  Ih^n 

at  the  feme  time  ( if  the  Sun  Ihine  )  behold  the  Pifture  thereof  at  ‘the 
Hour. 

'  4  > 

VIII.  Of  the  Dkh  defcribed  on  the  great  Globe  which 

fiands  on  the  Second  Table.  ’ 

'T-'His  Globe  confifts  of  24  Plains,  8  Recliners,  8  Vertical  and  8 
1  Inclining  Plains:  For  the  Dials  upon  them,  fix  of  the  upright 
PlaTns  are  made  hollow  and  covered  with  Giafs ,  having  Dials  drafvn 

ed  over  with  White  Colour  that  the  Dials  may  be  feen  as  well  S 
in  as  without  the  Globe ;  the  two  Hollows  towards  the  North  being 
left  open  as  Windows  to  look  into  the  Globe.  On  the  bottom  Glalfes  art 
^•awn  feveral  Piftures,  as  of  the  King,  Queen,  d-r.  In  the  S?Pi 

For  the  Dials  defcribed  upon  the  Reclining  and  Inclining  pi,:  l 

m^r  GfobS'  d^fciS ttlieS 


IX.  Of  the  Four  Giafs  Bowls,  fupported  by  the  Four 
Branches  of  the  great  Globe. 

I 

THefe  four  Bowls  are  gilded  over,  except  where  the  Hnnr  t 

drawn,  which  is  thinly  painted  over  with  White  Cnlmi  ^  T 
end,  the  Sun  Beams  paBing  through  a  little  Star  left  dear  n 

the  Bowl,  and  making  thi  like  Stir  of  LighTuS  he  hL^T  '^  ° 

be  feen  to  note  theHour.  TheHours  weTe fucHs ftew  the 

ding  to  different  Nations.  Hour  accor- 


X.  Of  the  ' upper mofi  Piece  of 
the  Pyramis. 

Tibs  Fourth  and  uppermoft  Piece,  confilHng  of  12  Concave  <?er. 
Cylinders,  and  Handing  upon^the  Great  Globe  held  im 
aupporters,  hte  thofe  which  hdd  up  the  fecond  Piece  ^ 
of  thofe  Semi-Cylinders  is  a  Dial  defcrLd,  IheZgS’ufuaYHo.c! 
the  light  of  the  Sun  penetrating  through  the  P™,.  f  -  Hour  1 

over  a  little  Star,  pained  on  the^lower  part  of.the  Bowl  ’  P"®' 


The 


The  "DIAL  deJcribeJl. 

The  .Fifth  Piece  confifting  J of  eight  plain  Equilateral  Triangles,  and 
|iix- equal  Squares,  and  .held  up'  by  four  Supporters,  have  Dials  de« 
Icribed, upon,, them,  ihewing  the  Hour  by  the  fhade  of  \  Flomr  de 

jLjiCBu  ‘Q.  f!-  ^  ^  j  f 

The  Sixth  and  laft  Piece  is  a  great  Glaifs  Bowl ,  landing  upon  the 
Fifth,  fupported  by  a  foot  of  Iron,  and  encompalfed  with  two  Iron 
Circles.  Which  Bowl  alfo  fhews  the  Hour  by  the  fhade  of  a  little  Golden 
Ball  placed  'in  the  midde  of  the  Glafs. 


ipi 


Thus  have  I  given  a  brief  Account  of  this  (now  demolifhed)  Dial  which 
Account  and  Figure  thereof  together,  may  give  fome  light  to  the 
ingenious  Prafticioner  (with  what  is  delivered  in  the  foregoing  Tra- 
Hatesj  to  invent  infinite  Varieties  in  this  kind. 
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